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HELPING BOOST 


e Before a Flying Fortress . .. or any 
other war plane ... takes to the air, 
an amazing number and variety of 
parts must be fabricated, assembled 
and tested. Should fire occur any- 
where along the line . . . throwing 
production schedules out of time... 
the bomber birth rate is likely to 
take a dangerous nose dive. 


There are Allied planes making it 
tough for the Axis today that 
wouldn't be in the air except for the 


fire enaees potent: 
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ro- 
vided by Cardox Fire Extinguishing 
Systems. 


Engineered applications of Cardox 
Systems are —- against delay 
of many branches of vital war in- 
dustry. 


These Systems give a maximum of 
protection . . . guarding time as well 
as equipment .. . by providing (1) 
immediate extinguishment by cold, 
inert carbon dioxide, which quickly 
smothers and “cools out” large or 
small fires; (2) elimination of damage 
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by the extinguishing medium, which 
means machines and materials are 
usually back in production quickly. 


Today Cardox is concentrating its 
engineering and manufacturing facil- 
ities on two vital phases of America’s 
current emergency: (1) The design 
and manufacture of Cardox Fire Ex- 
tinguishing Systems needed by a 
wide range of war industries to main- 
tain and increase the birth rate of 
battle equipment; (2) working with 
industry on plans to increase the 
efficiency of fire protection both 
today and after the war. 


If you would like more informa- 
tion, write on your company letter- 
head for Bulletin 1103. 


CARDOX CORPORATION 
Bert Buitoine Cuicaco, ILLinois 
District Offices in New York . Washington 
Detroit . Cleveland . Atianta . Pittsburgh 
San Francisco Los Angeles Seattle 
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ALBERT T. BELL 
Chairman, N.F.P.A. Board of Directors, 1922-1943. 


Mr. Bell’s sudden death on September third came as a great shock to the 
N.F.P.A. official family and to the many members of the Association who knew 
him. Mr. Bell rendered distinguished service to the cause of fire protection and 
fire prevention. His contributions to the growth and prestige of our Association 
were great and he possessed the enduring affection of all of us who were fortunate 
enough to know him. 
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Gulf Hotel Fire. 


By H. Oram Smith (Member N.F.P.A.), 
Manager, Texas Inspection Bureau. 

The Houston fire department responded to a midnight alarm from the 
older section of the business district on the night of September 7, 1943. It was 
a routine night run that would go into the records for a nominal fire loss to an 
old building of relatively small value. The unusual feature was the unexpected 
casualty list of 54 dead and 8 critically injured in a small fire of short dura- 
tion.. The building, which had been a rooming house for 25 years, was graced 
with the name Gulf Hotel, but it was literally a human hive where 145 “regis- 
tered guests” were bedded down on two floors, each floor having only about 
4000 sq. ft. of habitable space. 

It was another tragedy of the rooming house class, one of several other 
“hotel” investments under the same operating company that caters to the less 
fortunate class of men, many of them old, ailing or crippled, with arms or legs 
missing. There was about.an equal number of regular roomers and transients. 
For 20 cents they could sleep side by side on rows of iron cots on the third 
floor; for 25 cents they could have a cot in a wooden box 5 x 8 ft., and for 35 
or 50 cents a larger box up to 8 x 10 ft. with chair and table. The two small 
floor areas were arranged to accommodate 87 of the so-called rooms and 46 
open space cots. 

The Gulf Hotel is an old three-story brick building on a corner location 
with an overall size of 50 x 100 ft., but with a 10 x 35 ft. space cut out for a 
light shaft for second and third floors adjoining the building on the west. The 
outside walls are of brick, floors and roof of wood on light wooden joists, and 
ceilings of wood and plaster board. The grade floor space, 615-19 Preston Ave. 
and 314-20 Louisiana St., was occupied by seven small mercantile tenants sepa- 
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This picture was taken about 2 A.M., when the fire was at its height, from the 
Louisiana Street side of the hotel. 

Loss of life in this fire was clearly due to lack of adequate exit facilities. 
While some means of escape was provided on both ends of the sleeping areas, thus 
providing two ways of escape as specified by the N.F.P.A. Building Exits Code, exit 
arrangements were seriously defective as measured by the standards of the Build- 
ing Exits Code, which specifies enclosed stairways, adequate signs and lighting of 
exits, and some sort of an alarm system to arouse sleeping occupants. Where fire 
escapes are used, the Building Exits Code specifies convenient means of access and 
other features of construction comparable to inside stairways. Such features 
were grossly inadequate in this fire. 





GULF HOTEL FIRE, 


paipiiee CPt HOTes. — 


” “ i. A 
a all o> 


The Gulf Hotel the day following the fire. 


rated by frame or plaster partitions, and the two upper floors by the rooming 
house. 

There was a single wooden stairway against the north wail, extending from 
the third floor to the sidewalk on Louisiana St. This interior stairway extended 
from the street to the second floor between a brick and plaster wall and a 
plaster partition, and from the second to the third floor between a brick wall 
and a frame partition. Both flights were open at the upper and lower end; 
the street end had a door frame and transom but no door (see photograph on 
page 89). The stairs were 58 in. wide between walls and 48 in. between hand 
rails on each side. A witness at the subsequent investigation of the fire testified 
that it was normally an adequate, unobstructed exit, but that because the fire 
started near the stairway, access to the stairs was soon cut off, and most of the 
roomers were forced to use the only outside fire escape on the south, or Preston 
Ave. wall. 

This fire escape was a steel stairway, 25 in. wide with hand rails 20 in. 
high, and with platforms 35 x 37 in. at the second and third floors, level with 
window sills. The escape was anchored at second and third floor levels, with a 
swinging extension from the second floor platform to the street. A steel scaling 
ladder extended from the top platform of the fire escape up over the coping 
of the roof. 

The fire escape was reached through narrow, 20-in. wide windows, of the 
two-piece lifting type, set in pairs, with sills 20 in. above the floor level. On 





GULF HOTEL FIRE. 87 


the night of the fire it was unusually hot, and the windows were probably open 
to full height, but window screen wire mesh was tacked to the outside of the 
24-in. frames. A witness said he kicked a hole through the screening and tore 
the wire off for others to follow. The second floor access to the fire escape was 
through one of the small room enclosures, but the third floor exit was from the 
open floor dormitory. 

These escapes complied with the state fire escape law for a building of this 
size, except for the lack of red exit lights; it is reported that the fire marshal 
ordered lights installed on August 24, but the order had not been obeyed. 

The second floor was a labyrinth of wooden partitions cut off below the 
ceiling, forming rows of cubbyholes from 5 x 8 to 8 x 10 ft. for sleeping rooms. 
They were arranged along the east and west walls facing narrow aisles, with 
other rows back to back facing the same aisles. There were a few similar sleep- 
ing rooms on the third floor, but that floor was mainly an open ward. Similar 
wooden partitions enclosed shower rooms on both upper floors, and a 10 x 12 
linen and baggage room behind the desk on the second floor. The lobby and 
desk was a small space at the north end of the second floor, separated from the 
sleeping section by a wooden partition. Access to the street and to third floor 
was by the one interior stairway from the lobby. 

Housekeeping conditions were poor; the congestion due to such crowded 
quarters contributed to a lack of cleanliness and order. There was the usual 
amount of electric wiring defects with portable cord extensions; cooking on 
hot plates was said to be general among the regular tenants, although supposed 
to be prohibited except in the shower bathrooms. There was no doubt an 
accumulation of old newspapers, clothing and personal junk in these compart- 
ments, especially among the regular tenants. Something of that nature served 
as tinder to touch off the mattresses and partitions in quick succession, for the 
fire to travel so fast and trap inmates in their beds. There is no evidence of 
any regular “delousing” system, but there was a 5-gal. can of insecticide with 
a naphtha base used to spray mattresses, and the iron cots were given an 
occasional blowtorch spraying to kill vermin. This insecticide was stored in 
the linen and baggage room, along with mops, brooms, rags, and odd junk. A 
few spray guns were available for the guests to use as they found necessary; 
it is possible that the mattresses and partitions had a film of residue from the 
spray material that served to quicken spread of fire. It was claimed that 
chemical fire extinguishers were installed on second and third floors, but none 
was found and none seen in use. 

It is reported that some time around midnight a mattress was ignited 
from a cigarette in Room 201 on the second floor near the lobby partition 
wall. The night clerk put the fire out with water and immersed the sheet in 
a tub in the bathroom. Some time later, estimated to be from 30 minutes to 
an hour, he was attracted to the third floor by a disturbance and complaint 
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The main stairway, cut off by the flames in the early 
stages of the fire, was of little use except to carry down 
the dead. 


that somebody was using a flashlight. He found nothing out of the way and 
was returning to the second floor by the stairway when he observed smoke 
and flame coming through the partition from the sleeping section into the 
lobby. It is apparent that the reflection from the flames through cracks in 
the floor above gave the impression of a flashlight to those on the third floor; 
this would indicate that the fire must have been burning for some minutes 
before the disturbance over the supposed flashlight started, and that the fire 
was already well under way when discovered. 

The city manager has accepted the fire department’s official report class- 
ing the fire as “‘accidental” due to carelessness. Testimony at the investigation 
of the fire seems to remove the re-ignition of the first mattress fire as a cause. 
The occupant of Room 201, who caused that first fire, was among the first to 
escape by the inside stairs. This occupant stated that he went to the linen room 
with the night clerk to get fresh linen and “believed” the clerk threw the 
burned sheet on a pile of soiled linen; the clerk’s own story was that he took it 
to a bathroom and immersed it in a tub of water. The fire department is 
inclined to believe, as the linen room was the location of the fire, that the 
smouldering sheet caused the fire. 
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There were 21 witnesses examined at the investigation, having had from 
30 days to 4 months’ residence in the hotel. All of them testified that there 
were no exit signs or lights on either floor. It was also brought out at the 
investigation that the company which operates the Gulf Hotel made their 
own insecticide of oil, kerosene and naphtha, mixing it in one of their other 
properties and sending the one 5-gal. can, stored in the linen and baggage 
room. The fire department report refers to this or similar material being used 
by other operators in this building for over 15 years, and believes that the 
walls and partitions as well as the mattresses were well saturated with residue 
that would cause rapid spread of the fire. 

The alarm. was immediately sent in by telephone and recorded in fire 
department headquarters at 12:50 a.m. Two stations within 8 to 12 blocks 
sent apparatus at once, but on arrival both upper floors were involved, so a 
second alarm went in from a street box at 12:53 and a third at 12:56. The 
fire was tapped out at 3:15 a.m., with the two upper floors completely gutted 
and the roof partially collapsed. The fire department made a good stop for 
such an old combustible building. The entire block is of similar construction, 
and there were similar rooming houses in adjoining buildings on two sides. 
Had the fire communicated, the loss of life could have been much greater. 

Among the tales of horror repeated by firemen and survivors there were 
plenty of comments on the progress and speed of the fire, but none were found 
who saw where or how the fire started. It is assumed that those close to the 
origin are among the dead. It evidently spread with great rapidity, and many 
were trapped in their beds to be suffocated or burned to death. Others fell 
over each other in the darkness and confusion of trying to reach an exit with- 
out guide lights, amid a labyrinth of partitions and narrow passages. Bodies 
were found piled about the floors and around the windows. A few jumped 
from windows, others were assisted dowfi ladders after the firemen arrived. 
The inside stairway was beyond reach of most inmates, for it was cut off by 
the fire, starting at that end of the building. This caused a congestion at the 
' one fire escape window exit on each floor; there were too many to use it in too 
short a time; fire and smoke overcame those struggling for a chance at the 
window, and they dropped where they stood. The death list has reached 54, 
with 8 critically injured, 2 of whom are not given much chance to recover. 
There were others less seriously injured, the first hospital list being 25. The 
Red Cross held a mass funeral for the burial of 36 unidentified dead. 

Apparently, nobody is officially responsible for this disaster; the fire chief 
is quoted by the press as saying there was no local law or fire prevention 
ordinance to govern. The building and occupancy does not conform to the 
present building code, but the code does not apply retroactively to a building 
and occupancy that has existed for many years, and neither the fire nor build- 
ing department has any supplementary ordinance to apply. The state fire 
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Red Cross mass funeral for 36 unidentified dead. 


escape law requires only one escape on a building of 5000 sq. ft., but that law 
does not contemplate such an area being used as a dormitory for 145 people. 
The state does not maintain an inspection force, and it seems no department 
of the city assumes the responsibility of checking up on interior conditions 
in relation to fire escapes. The fire marshal claims to have made a “fire inspec- 
tion” of the premises on August 24, and apparently found no objection to the 
interior conditions, except the absence of exit lights. Under present conditions 
it is not likely that the owner could have had lights installed between August 
24 and September 7, had he the wish to do so. It is just unfortunate that exit 
lights that would have been of value during the fire, but have been neglected 
for 25 years, were not ordered installed until two weeks before the fire. Pre- 
vious fire inspections, if any, failed to note the need of them. 

This tragedy is a repetition of others that haye occurred in the past under 
very similar conditions, and there is little in the way of comment or conclu- 
sion that has not already been expressed. Obviously it is a condition that 
should not be allowed to exist, but one with which all cities have to contend. 
It is not simply a matter of making these places fire safe. Upper floors of old 
obsolete buildings with a rental value that hardly meets taxes cannot stand 
the cost load of structural improvement that would make them fully fire safe. 
The alternative of closing them is a harsh measure that city councils will not 
consider, and they do serve a purpose in providing indoor shelter at a minimum 
price for unfortunates who would otherwise resort to hovels on the river banks 


or under viaducts. 
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As long as we are to have cheap lodgings in the upper floors of old build- 
ings, it would be better to have proper regulations that the occupant can fol- 
low under official supervision than structural requirements that the owner 
cannot and will not meet. Good fire prevention practice does not require that 
we insist on making old buildings into new ones or that modern specifications 
be fitted into old settings. But that is about the substance of all proposed 
ordinances regulating the use of old buildings. Owners and contractors fight 
them as impracticable, and city departments “pass the buck” to the council, 
where the matter dies by default and we get no regulation at all. 

It is possible to have adequate rooming house regulations without undue 
hardship to owner or occupant; to control the number of inmates and the 
manner of housing in relation to the area and exit facilities, and with good 
housekeeping conditions. It should not demand fireproofing of ceilings, parti- 
tions, stair enclosures and other impracticable measures that prevent adoption 
of codes for this purpose. But it would prevent the installation of additional 
combustible material, and overcrowded conditions as in this instance. ‘Even 
under these worst conditions more than half the inmates reached safety; under 
any reasonable restriction there would be no occasion for loss of life even in 
an old building. To avoid one such tragedy it would be a profitable invest- 
ment: for any city to set up a special rooming house inspection department, 
with adequate regulations and frequent follow-up inspections to assure the end 
of these slaughter pens. 
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Fire Protection in Relocation Centers. 
By William E. Hoffman, 


Fire Protection Adviser, War Relocation Authority. 

Fire protection in time of war presents many difficulties and complica- 
tions which are not found in peacetime. Some of these spring from the shortage 
of materials, while others are traceable to overcrowded housing and other 
problems that have grown out of the wartime situation. Making a strong bid 
for top honors in complexity are the fire control problems found in the ten 
relocation centers where the people of Japanese ancestry, evacuated from the 
Pacific Coast last year, now live under supervision of the War Relocation 
Authority. In spite of difficulties, the record of fire losses over a period averag- 
ing about one year for each center, is calculated to be only about 25 cents per 
capita. Vigilance on the part of the fire crews and co-operation of the reloca- 
tion center residents are credited by the WRA fire protection officials for this 
low loss record. 

Since ten centers are all located in remote places, it is impossible to obtain 
assistance from outside communities. Many of the centers are in desert or 
semi-arid country, where low humidity, high temperatures and high wind 
velocity combine to present an extreme fire hazard. 

In order to understand the fire protection problem faced by the WRA, it 
is necessary to know something of the conditions leading up to the establish- 
ment of the relocation centers. There were approximately 110,000 of these 
people of Japanese ancestry who were moved by the Army first to assembly 
centers under control of the Army, then to the relocation centers administered 
by the WRA. As accommodations at the assembly centers were rather make- 
shift and temporary, the work of selecting the sites for the relocation centers 
and of constructing living quarters for these people was of necessity hurried. 
Lack of time and inability to get all of the needed materials made it necessary 
to omit many features of construction which would have lessened the fire 
hazard. To further complicate the situation, the pressing need to move these 
people from the assembly centers resulted in the arrival of thousands of people 
at the relocation centers before the construction was fully completed. At the 
Colorado River Center in Poston, Arizona, some 11,000 people were moved in 
before a single piece of fire fighting equipment was received. An adequate 
supply of fire fighting equipment has not yet been received at all of the projects. 

Among the 110,000 people who were moved from their homes on the 
West Coast, only three men were found who had had any previous fire depart- 
ment experience. It was necessary immediately to launch training programs 
at all of the centers. Due to the shortage of equipment, men and women were 
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This crew of women fire fighters at the Minidoka Relocation Center tempo- 
rarily replaces men who are called away to harvest crops. 


trained in the use of shovels and sand, and other rudimentary fire-fighting 
practices. Volunteer brigades were organized in addition to those who served 
on the regular shifts of the fire department. 

As the War Relocation Authority set up a program whereby individual 
residents were permitted to volunteer for seasonal work on farms and many 
of those who had received fire protection training left the centers, it was neces- 
sary to recruit and train replacements. Last fall the peak of this seasonal 
employment was reached when nearly 10,000 workers from the assembly and 
relocation centers were out helping to harvest the sugar beet crop. At the Mini- 
doka Center, in southern Idaho, so many men had left for harvest work that 
one of the fire stations was left without any personnel. A staff of women was 
installed to take the place of the men. As far as it is known, this is the first 
crew of women fire fighters organized in the United States. The women were 
drilled by qualified fire protection officers and, from all reports, did an excellent 
job. They drove the fire engine, laid hose lines, connected hydrants and 
pumpers, and ran the pumps. They responded to fires, but the off-duty fire- 
men from the other center station were usually present to assist in handling 
the nozzles in case they were needed. Some of these women fire fighters were 
retained as inspectors after the men returned from the beet fields. 

At all centers communication facilities have been very limited and inabil- 
ity to get materials has delayed installation of adequate systems. To meet this 
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we 


This young evacuee thoroughly enjoys manning the nozzle end of a fire hose 
as he helps flood a skating rink at the Heart Mountain Relocation Center. 


situation, a system of runners was set up and is in partial use at some of the 
centers even today. 

Administration of the fire prevention program in the War Relocation 
Authority is placed in a separate section under the assistant Project Director 
in charge of operations. In Washington there is a fire prevention officer who 
directs the section and makes regular check-ups at all centers. At each project 
there is one Civil Service fire protection officer with one or more assistants. 
The fire department at each center is headed by an evacuee fire chief with 
assistants, and a corps of officers and firemen under his direction. A regular 
staff of inspectors, all evacuees, have been trained and volunteer brigades sup- 
plement this force when threatening fires occur. 

The very type of construction and flammability of the buildings makes 
the task of fire protection difficult. The buildings are of the temporary barrack 
type, such as are used by the Army for field operations. Most of them are 
20 ft. by 100 or 120 ft., frame, covered with tar paper on the sides and roof. 
At the Gila River Relocation Center the construction is somewhat different 
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Quick work by the evacuee fire department kept this fire at the Tule Lake 


Center hog farm from doing more than minor damage. 


from that at the other projects. The barracks at Gila are frame, sided with 
painted gypsum board, and unlined. 

The barracks at all of the centers are set in rows or blocks 50 ft. apart, 
and the blocks are separated by 200 ft. wide fire-breaks. Incidentally, many 
of these fire-breaks have been planted by the evacuees to victory gardens. 

In the training of the fire prevention staff at all of these relocation centers 
the approved texts of the National Fire Protection Association have been used. 
In all new construction which has been undertaken at the centers by the War 
Relocation Authority, and in all alteration and repair work, the N.F.P.A. 
codes have been followed. In some cases this has delayed badly needed hous- 
ing and school construction because of difficulties in getting materials, but it 
is felt that adherence to these requirements has lessened the fire hazard. 

Fire hazard is not alone a matter of construction, as the natural setting 
in which the centers are located seriously complicates the situation. The annual 
rainfall at seven of the ten centers is less than 10 inches. Two of the centers, 
Manzanar in the lower Owens River Valley in California, and the Colorado 
River Project in western Arizona, about 20 miles from the town of Parker, 
are in sections known to be among the driest in the United States. The United 
States Weather Bureau reports that humidity readings of less than ten per cent 
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A truck company of the Heart Mountain Fire Department sets off on a prac- 
tice run. 


can be expected on the average of 12 days during the summer and early 
autumn at Manzanar. Readings taken at Independence, California, six miles 
from the project, have gone as low as 24 per cent. The same meteorological 
conditions which produce periods of low humidity are conducive to strong 
winds at Manzanar, and the two are likely to occur simultaneously during 
periods of high temperatures. The Weather Bureau has officially recorded a 
wind velocity of 100 miles an hour at Independence, with velocities above 45 
miles an hour in all months of the year, and 50 miles an hour in nine months. 
These are the highest wind velocities recorded by any Weather Bureau station 
in California. 

Humidity conditions on the average are not quite so severe in the lower 
Colorado River Valley as they are at Manzanar. The temperatures, however, 
range somewhat higher and the fire hazard is just about as severe. Water 
surface evaporation amounts to about 130 inches a year, or more than 30 
times the annual rainfall. This center is also subject to high winds, at times 
more than 40 miles an hour and infrequently as high as 60 miles an hour. 

High temperatures and low humidity are also unfavorable factors at the 
Gila River Center, which is located about 50 miles from Phoenix. 

At one of the more northern centers, the Tule Lake Project in northern 
California, general climatic conditions constitute only a slightly less acute fire 
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hazard. Humidity conditions of between 10 and 15 per cent are common, and 
on four to six days annually the relative humidity reading may be expected to 
fall below 10 per cent. These periods of low humidity are usually associated 
with high temperatures and considerable wind movement. While there is no 
anemometer at the Tule Lake village co-operative weather reporting station, 
near the project, the Klamath Falls, Oregon, station, about 40 miles away, has 
often recorded winds in excess of 40 miles an hour. In May, 1942, a velocity 
of 64 miles an hour was recorded at Klamath Falls, and there is good reason 
to believe that even stronger winds occur in the Tule Lake basin. 

Low temperatures, causing freezing of water pipes and other attendant 
dangers, are among the elements that must be overcome at some of the other 
centers. The Central Utah Project, the Minidoka Center in south-central 
Idaho, and Heart Mountain Center in northwest Wyoming are those where low 
temperatures occur. 

While it is hardly possible to compare a relocation center with the ordi- 
nary American city of the same population, some comparison can be made. 
Many of the centers are intended for a total population of 10,000. The water 
supply for fire and domestic use in the usual American city of 10,000 popula- 
tion, with adequate building and fire regulations, is set up on the basis of 
250 gallons per capita per day, or a total flow of 8000 gallons per minute. In 
a relocation center designed for the same population, but with much more 
limited storage facilities, the set-up is on the basis of 100 gallons of water per 
person per day, or a total flow of 2900 gallons per minute. Water consumption 
at the centers has been in excess of 100 gallons per capita per day. In addition, 
the fire flow is largely dependent on pumps that operate on a single source of 
power. Some standby pumps have been installed, but their capacity is not 
sufficient to provide adequate fire flow. The accompanying table sets forth 
the recommended minimum requirements: 


Table |. Recommended Minimum Fire and Domestic Water 
Requirements for WRA Projects. 
WATER REQUIREMENTS FIRE ENGINES 
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Total Flow 
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3 GPM 
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5,000 700 
8,000 1,120 
10,000 1,400 
15,000 2,100 4,100 
20,000 2,800 5,300 
+No pumping engines are in reserve at any project. 
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The enthusiastic co-operation shown by the evacuee people has been 
largely responsible for the excellent fire protection record which has been 
achieved. In addition to the continual training program, the regular inspec- 
tions which are made, and the volunteer fire brigades which have been organ- 
ized at all centers, a bureau of public relations is in operation at each. The 
purpose of this bureau is to organize the residents of each block, conduct fire 
drills in the schools and hospitals (among the staff personnel), and to give 
talks before various assemblies, including schools and churches, in an effort to 
make the residents fire conscious. Duties are assigned to each resident in case 
of fire. The bureau also directs the Boy Scouts in fire prevention activities. 

The following table shows the fire record at each of the relocation centers: 


Table Il. WRA Fire Losses from Inception of Project* to June 15, 1943. 


Number Per Capita 
Project of Fires Fire Loss Loss 


Central Utah 27 $480.00 $.048 
Colorado River 45 13,700.00 685 
Gila River 2 25.00 002 
Granada 43 497.00 
Heart Mountain 12 3,840.00 384 
Jerome 5 250.00 
Manzanar 15 125.00 013 
Minidoka 6 105.00 O01 
1 12.00 .001 
64 5,860.00 397 


Totals $24,894.00 $.25 
Norte: These figures are based on reports sent to the Washington Office by the various 
Projects. 


*Some projects have operated for periods of more than a year and others for less than 
a year. 
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Town Planning Lessons of the Fire Blitz. 
By Eric L. Bird, M.C., A.R.I.B.A. 


There could hardly be a less suitable time than the middle of this war at 
which to discuss frankly the relationship between town planning and air attack. 
Air attack has two dominant factors; the first consists of the potential perform- 
ances of aircraft and of bombs; the other, of the natures, locations and densi- 
ties of target areas—that is to say, of town planning in its widest sense. These 
two factors have been subjected to intense study by expert staffs, on both sides, 
during the last three and a half years. Either side would be delighted to obtain 
from the other a summary of information on the natures, locations and densi- 
ties of target areas and on the methods by which the vulnerability of these 
areas can be assessed. Therefore I have to restrict discussion to matters that 
have either become common knowledge or are beyond the control of the 
enemy. Further, the opinions expressed are my own and should not be re- 
garded as officially accepted. 

Cities and towns are very vulnerable to incendiary attack. This is the 
same thing as saying that they burn very easily—a condition that is much the 
same in war as in peace. There is more fire damage in war than in peace 
merely because the enemy sets the town alight in several places at once, whereas 
in peacetime it is commonly ignited by accident in only one place at a time. 

The risk of fire is inherent in buildings occupied by man. Most of the 
things he uses are combustible or can be.made useless by heat. Nearly all food 
is combustible, together with the packing cases, cartons, paper, etc., used to 
contain it. Textiles such as clothing and furnishings also are combustible. 
Almost all buildings contain large quantities of dry timber in their construc- 
tion, equipment and furniture. Many industrial occupancies, though not all, 
are serious fire risks, while a few are by their nature extremely hazardous. The 
typical built-up area may be regarded as so many acres of combustible mate- 
rial, disposed in open stacks so that it can burn freely. 

Towns are live organisms, the bodies of which change and develop through 
the centuries. Town-development has two important features: first, the rate of 
change is irregular; they may grow comparatively slowly or they may double 
in size in a decade or two, according to local fluctuations in industry and trade; 
the buildings—which may be regarded as the unit cells of the body corporate 
—may be replaced either at short or long intervals according to the rate of 
growth and the relative prosperity of the town. Secondly, the form and growth 
"This paper is made available through the courtesy of the British Institution for Civil 
Defence, having been read at a general meeting of the Institute in London, March 9, 1943. 


The author is a leading British architect on the staff of the Research and Experiments De- 
partment of the Ministry of Home Security. 
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of towns have been in the past mainly a matter of chance, though here and 
there showing traces of primitive ideas in town planning, while the buildings 
have been expressions of current social ideas, executed in those building mate- 
rials that have been obtainable locally. Within the last century some degree 
of public control of structural design has been introduced and, within the last 
decade, of town planning. But these newer controls have as yet had but small 
effect on the great masses of urban development. Therefore our chief concern 
is with the town as it exists today, or rather as the Germans found it when they 
began bombing in 1940. 

Today we are in the early stages of an era of positive town planning, 
under which layout and growth of towns will be much more strictly controlled 
than heretofore. Also, design of building structures is now likely to be sub- 
jected to fairly close scientific control in such matters as stability, hygiene, 
provision of light and air and fire protection.* So far as incendiary bombing is 
concerned, the lessons we seek and our objectives for the future can be sum- 
marized in one sentence, namely: “Towns must be planned and built so that 
they are less vulnerable to fire than in the past.” Whatever we do must be 
begun now, because on the outbreak of any future war, the target will be what 
we have made it during the intervening years of peace. 

It is obvious that susceptibility to fire is not uniform throughout a town. 
The more serious fire hazards in the form of shops, warehouses and certain 
industrial processes, tend to congregate into groups. They do so for various 
‘ reasons, such as the convenience of the population in shopping, access to rail 
and water transport and the inevitable grouping with major industries of the 
subsidiary industries that feed them. Such grouping is essential to the peace- 
time efficiency of an urban community and is therefore unavoidable. We cannot 
go in for a system of widespread dispersal without incurring a serious reduction 
in peacetime efficiency. These commercial and industrial groups have a fire- 
susceptibility that is in strong contrast to the purely residential areas. They 
have suffered far more from incendiary attack than have groups of dwellings, 
even where the density of incendiary bombing has been equal on both types 
of area. 

The fire-susceptibility of an area depends in the first place on the average 
fire-susceptibility of the unit buildings composing it. If we consider together 
the occupancy and structure of each building, we can classify it either as a 
high, medium or low fire risk. Considering a typical central area as a whole, 


*British cities generally do not have buildings codes as we know them in the U. S. and 
Canada. An exception is a set of building laws enforced by the London County Council. 
—Epb. 

+British residential areas are uniformly buildings with brick walls. Residences in rows 
are separated from each other by solid brick walls. Wooden walls, wooden siding and 
wooden shingles are practically non-existent.—Eb. 
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we find that from 80 to 90 per cent of its buildings are high or medium risks. 
This contrasts strongly with the predominantly low fire risks of houses in 
residential areas. 

In an area consisting chiefly of high fire risk buildings, incendiary bombs 
will create uncontrollable fires more quickly than in areas where such buildings 
form a small proportion of the total. When fires have grown so that they fill 
whole buildings, the large bodies of heat thus created can more readily ignite 
adjacent buildings than is the case in an area of low fire risk buildings. Thus 
the conflagration comes into being—the great mass of burning buildings from 
which fire advances almost irresistibly through stack after stack of fuel pro- 
vided by still more buildings. 

A glance at the plan of a typical town center shows it to consist of groups 
of properties called blocks (see Fig. 1). It is the risk of the block that I now 
want especially to consider. The nature of a block changes over a period of 
years as the town develops. The rate of change in the individual block de- 
pends on its distance from the center of the town; the outer blocks remain 
purely residential over long periods, while those nearer the center tend to 
change to commercial occupancies. The block may remain static for centuries 
or it may change its nature in a few decades. Usually it begins by being chiefly 
residential. As the town grows, houses are converted to shops, which extend 
outwards over the front and back gardens. Some buildings are wholly rebuilt. 
The back land is taken up by factories and storage buildings. Thus not only 
are high fire risk occupancies introduced, but more of the ground is covered by 
buildings which, in terms of incendiary bombing, means that a higher propor- 
tion of bombs in a salvo will score direct hits on buildings. At the same time, 
the greater amounts of combustible materials represented by the commercial 
occupancies will cause any fires to grow rapidly to uncontrollable dimensions. 
Further, the close spacing of buildings within the block now greatly increases 
the risk of fire spreading from building to building. 

As site values rise, the houses are demolished to make room for extensions 
of the shops and factories, rights of light* being acquired by purchase. More 
land is built over, higher buildings are erected and the occupancies become 
almost entirely high fire risk. Not only are the fire hazard and the conflagra- 
tion hazard of the block now very great, but the difficulties of access by firemen 
to the interior of the block are acute, which increases still more the chance of 
the block being totally destroyed by conflagration. 

A fourth stage is reached in the larger cities, where site values have be- 
come very high. The blocks tend to come into the ownership of a few concerns, 
who erect large department stores, hotels, factories, blocks of lettable offices, 
" *In Great Britain the property laws prevent a building owner providing windows in any 


wall that abuts on the boundary between his property and another unless he negotiates an 
“easement” for this purpose with the adjoining owner. 
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etc. The fire risk now tends to become somewhat less, partly because insurance 
rates make profitable the employment of fire-resisting construction and the 
installation of sprinklers, and partly because firemen can now more readily 
attack fires inside the buildings. Some local authorities, notably the London 
County Council, have, in the past, required the employment of fire-resisting 
construction and sprinklers in new commercial buildings, but the great 
majority have not. There are occasionally to be seen examples of a fifth stage, 
where the whole block has been redeveloped as a single building. 

It is perhaps more profitable to examine in detail an actual block as it 
exists today. The following data are derived from such a study of a block 
located in the center of a town of 90,000 inhabitants. The town is essentially 
a modern one; its traces of medieval planning and building are very slight and 
its principal growth has occurred in the last fifty to 100 years. Its industries 
are mixed and mostly of the class termed “light.” 

The block is 2.6 acres in extent; one side fronts on the main street contain- 
ing the principal public buildings and shops (see Fig. 2). It has 72 per cent 
of its site area covered with buildings. If the streets are included, the neigh- 
borhood of the block is found to be 63 per cent built up. This is in strong con- 
trast to development at twelve houses to the acre, where not more than 15 per 
cent of the land is covered with buildings. 

An examination of the occupancies (see Fig. 3) shows that most of them 
are commercial or industrial. They have extended into the center of the 
block, usually in one- or two-story structures of varying height, and of con- 
struction ranging from good to shoddy, the latter predominating. These back 
extensions are commonly not only sheds of timber construction, but also con- 
tain the reserve stocks of the shops. These stocks are frequently highly com- 
bustible. One such shed in this block was found to contain 10 tons of soap 
stacked solid to the roof. The principal shops front on the main street; in the 
side streets the shops are mostly on the ground floor only, with offices over; 
there are several small factories or workrooms and only one dwelling. 

This leads inevitably to a study of the overall fire-susceptibility of the 
block (see Fig. 4). The shops and their storage buildings in any case are 
hazardous in respect of fire. It happens also that an unusual proportion of the 
local industries is hazardous. Thus this block is not quite typical of towns in 
general, because its fire-susceptibility is a little above average—but not very 
much so. 

What is to prevent the spread of a conflagration through this block, apart 
from the activities of the fire guards and the National Fire Service* (see Fig. 
5)? There are no fire breaks at all in the form of open spaces within the block, 
and three of the four streets bounding the block are too narrow to prevent the 


*The public fire department. Since May, 1942, all public fire departments in England 
and Wales have been merged into one organization under the direction of the Home Office. 
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Fig. 1.—Four stages in the development of a typical building block. 


spread of fire to adjacent blocks. We must therefore look mainly to the stop- 
ping or delaying action of the party walls between buildings and of any divi- 
sion walls that may exist inside buildings. A true fire wall is one that prevents 
the passing of fire either through or over it, for which purpose it has to be of 
solid brickwork or reinforced concrete and to extend at least 3 ft. above any 
combustible roof. We find such fire walls to be very few in number and that 
none extends wholly across the block, so that fire can outflank them all. It is 
true that solid party walls that do not extend above the roof tend to lessen 
the task of the National Fire Service, who can restrict the spread of fire by 
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hose streams on the roofs. This is fairly easy from the streets, but very diffi- 
cult from the congested courtyards. Further, because building owners have 
from time to time acquired rights of light over adjacent properties within the 
center of the block, the windows so provided form a ready path for fire to 
travel from building to building, still further nullifying the value of the fire 
walls and party walls. 

Herein undoubtedly lies the reason why town centers, as they have grown 
up through the centuries, are so fire-hazardous. In the course of time, a num- 
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Fig. 4. Analysis of a building block: Fig. 5. Analysis of a building block: 
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ber of small fire risks, each fairly well isolated from the others by more or less 
fire-resistant party walls, have become converted into a single high fire risk, 
partly because of the introduction of hazardous occupancies, but chiefly be- 
cause building in the centers of blocks has not been controlled. 

We are all accustomed to looking at towns from the streets, and this gives 
a misleading impression of the real nature of the blocks of building. Inspec- 
tion from the street also gives a wrong idea of height and also of the quality of 
construction of the buildings. Let us proceed to consider these two points. 

Taking that portion of the site that is covered with building (see Fig. 6), 
we find that 28 per cent is single-story, 41 per cent two-story, 29 per cent 
three-story and 2 per cent four-story. Although the site area is 113,250 sq. ft. 
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in extent, it carries no more than 180,000 sq. ft. of floor area (excluding a few 
basements). Obviously, this is an exceedingly wasteful use of land, quite 
apart from the fact that the block is an almost perfect incendiary target. It 
is also worth noting that the area on which this block stands had an acute car- 
parking problem before the war and that many of the rooms on the ground 
floors are ill-lit and poorly ventilated. 

Assuming we were given the task of rebuilding this block as a whole, pro- 
viding the same total of floor area as at present—namely, 180,000 sq. ft.—we 
find that if we built it in three-story structures, we would cover only 53 per 
cent of the site as against 72 per cent at present; if in four-story structures, 
39 per cent and, if in five-story, 31 per cent. It is true that many of the activi- 
ties must be on a ground floor, but there are several now at that level that 
could be transferred one or two stories up without harm to them and with 
benefit to other owners. 

The block here studied is exactly typical of the great majority of towns 
as existing today. Exceptions can, of course, be found in the hearts of a few 
cities where very high land values have made tall buildings profitable; but 
even these exceptional blocks are surrounded by a ring of lower blocks very 
similar to the one we have examined in detail. 

Study of the actual structure of buildings as they exist in town centers 
has revealed that many buildings are not what they appear to be. Many towns 
are of medieval foundation. In these not only do the street lines follow the 
medieval town plan, but a quite surprising number of the buildings are actually 
of medieval construction, that is to say largely of timber. This means that 
many of the party walls are not of solid brickwork or that they have been 
patched, raised or otherwise altered with all sorts of construction. These 
patched party walls frequently contain bonding timbers which either transmit 
fire through the wall or, in burning away, cause it to collapse. Many buildings 
in these old town centers that present to the street imposing facades, ostensibly 
of solid brickwork, ate in fact concealed medieval structures. A study of these 
buildings reveals their histories. A typical example appears to have begun life 
in the Middle Ages as the dwelling of a merchant, having a vaulted cellar 
below ground for the storage of goods and a timber-framed structure above, 
infilled with wattle and daub.* In the sixteenth century the house was rebuilt, 
in the same type of construction, but probably with the timber frame infilled 
with brick. In the eighteenth century the front was remodeled either by lath 
and plaster over the front or by the construction of a brick fagade wall in front 
of the timber frame. In the nineteenth century a shop front was inserted and a 
back addition added. Finally, as the building became wholly used for com- 
mercial purposes, a steel portal frame was inserted and a warehouse or work- 
room attached at the rear. 


*Stud and mud.—Eb. 
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Towns built mainly in the nineneenth century naturally do not have 
timber-framed walls, but the timber floor and roof is practically universal, and 
the brickwork—constructed in what was literally the golden age of the specula- 
tive builder—is frequently very shoddy. Fire-resisting construction is far more 
rare than most people suppose. In one city of 80,000 inhabitants, there are 
only six buildings that can be regarded as fire-resisting by modern standards, 
as, for instance, those now enforced by the London City Council for certain 
classes of building. Study of burnt-out areas immediately after fire blitzes 
has shown—even in large cities—only occasional fire-resisting buildings still 
standing, and these have often been gutted by fire entering at windows. 

It may be said that I have dealt rather more with building construction 
than with town planning. Although from the point of view of public adminis- 
tration they are regarded as separate entities, they are in fact a single inter- 
locked subject. Together they control the actual physical form of the town in 
all aspects, of which fire-susceptibility is one of several. 

So far as Civil Defence is concerned, the basic aim can be simply stated as 
follows: The Atlantic Charter envisages preparation for a future war. 
Although the devastation hitherto caused by incendiary attack in central urban 
areas is small when the total extent of such areas is considered, incendiary 
attack has become established as the most effective means of destroying them; 
we may expect it to be far more severe in a future war than in the present one. 
As towns have at present grown up they are uncomfortably vulnerable to 
incendiary attack, therefore we should so control their plans and structures 
that they are much less vulnerable. 

The main principles are as follows: First, town planning, so far as primary 
layout is concerned, can and should provide streets that are wide enough to 
form fire breaks between blocks. This means that streets should be at least 
60 ft. wide and preferably about 120 ft. wide. The average width in most town 
centers is at present nearer 40 ft. than 60 ft. In this country we have become 
so accustomed to narrow streets that we do not realize their narrowness. In 
Moscow hardly any streets are of less width than 60 ft. and most are more than 
100 ft. Secondly the block itself should be subdivided into what are termed 
“fire cells” by means of fire walls, thus preventing the spread of fire within the 
block. Thirdly, the buildings themselves in central areas should be of fire- 
resisting construction and if exceptionally large, be sub-divided into fire cells. 
Finally, there should be very strict control of extensions, particularly in the 
centers of blocks: the haphazard purchase of rights of light over adjoining 
properties should not be allowed; no building owner should be permitted to 
create a hazard to himself, to his neighbors and to the nation at large merely 
by paying for it. 

The root of the problem lies in the existing system of land tenure. Because 
blocks usually consist of several freeholds, each freehold can be developed 
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independently of others, or owners can purchase pieces of back land from 
neighbors. Where the land is leasehold and all leases fall in together, the block 
can be redeveloped as a whole. For many years past the municipality of 
Stockholm has been buying land with this aim of wholesale periodic re- 
development in view; this power of large-scale re-development has long been 
coveted by all town planners; for it to be effective land must be owned or 
controlled in large units, either by the State, municipalities, corporations or 
individuals, but it can only be effective if governed by a far-seeing policy and 
powerful control. 

But the lessons to be learned from fire blitzes are clearly not limited to 
possible future wars. Even if we never have another war, it cannot be denied 
that fire blitzes have shown us how shoddy, how inconvenient, how unhealthy, 
how unworthy are the centers of large towns. If we have learned this lesson 
and profit by it, future generations may even look back on this time and talk 
of the benefits conferred on civilization by the bombing aircraft! The aim of 
providing greater protection against incendiary attack accords very well with 
the aims of providing light, air, traffic space and amenity. Further, the meas- 
ures here discussed will greatly reduce fire losses in peacetime. 

Finally, the evils revealed by the blitz are directly attributable to lack of 
adequate control of building in the past, especially in provincial towns. It 


seems clear that something like a National Code of Building, universally 
applied, is necessary both as an essential component of Civil Defence and, at 
the same time, to fulfill the peacetime aims I have just mentioned. Local 
authorities should not be allowed to have any building regulations in respect 
of fire that they choose or, as was frequently the case in the past, none at all. 
The bombing aircraft is no respecter of local autonomy. 
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Treatment of Burns. 


By Charles C. Lund, M.D., 
Assistant Professor of Surgery, Harvard Medical School; 
Visiting Surgeon, Boston City Hospital. 

For about ten years most doctors have been preaching that ointments 
must never be used as a first aid treatment of burns, but that tannic acid solu- 
tion, either pure or improvised in the form of tea, should be applied at once. 
If these were not available, saline or soda solutions were to be used. The 
reason for avoiding ointments was that they had to be removed before any 
escharotic* treatment could be used. Now the British Army in the Middle East 
has forbidden the use of tannic acid either as first aid or as definitive treatment, 
and more and more individuals and organizations are advising simple oint- 
ments for first aid and for definitive treatment. What has led to this extraor- 
dinary change of thought? 

The escharotic treatments were introduced in the first place to reduce the 
degree of shock and the severity of infections. Shock was reduced by reduced 
surface weeping and infection influenced by antibacterial activity of some of 
the components of the eschar. Since the advent of plasma to replace that lost 
from the blood stream, and the use of pressure dressings and plaster casts in 
the surface treatment, the use of escharotics to reduce shock has become less 
important. More critical evaluation of cases has shown that even the lessen- 
ing of infection by escharotic treatments is not achieved in severe cases, and 
particularly if infection is locked in by tanning an uncleaned burn wound as 
often occurs under first aid conditions. In addition, some of the escharotics, for 
example, tannic acid and triple dye, delay the healing of small wounds and 
burns, and some of them, such as tannic acid and picric acid, may poison 
certain patients with large burns. For these reasons the best recommendation 
for first aid that can be now made is some simple bland ointment, such as plain 
petrolatum or boric acid ointment. If these are not available, apply a dressing 
of saline or weak sodium bicarbonate solution and keep it moist. 

Nore sy Epitror: Great progress has been made during the past year in burn therapy, 
resulting in revolutionary changes in first aid and definitive treatments. Our attention was 
focused on this last July when the Office of Civilian Defense withdrew its recommendation 
of the tannic acid treatment and urged the use of sterile boric acid ointment or petrolatum. 
We approached Dr. Lund, recognized authority on the treatment of burns, for an explanation 
of this seeming inconsistency. Through his courtesy we are permitted to publish this abstract 
of an up-to-the-minute article entitled “Burns” which appears currently in the Rhode Island 
State Medical Journal. Readers interested in further reference material are referred to the 
original article, which contains a complete bibliography. 


*Escharotic treatments are those which form a crust or eschar over the burned area as, 
for example, the tannic acid treatment. 
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Definitive Treatment of Minor Burns. 

For the purposes of this discussion, minor burns are defined as burns of 
small area (not over 5% of surface area) and of only part of the thickness of 
the skin. McClure has recently pointed out the chaotic conditions prevailing 
in the treatment of minor burns in the various clinics of certain large indus- 
trial concerns. He urges the use of simple boric acid ointment, well and firmly 
bandaged and not changed too frequently. This is good advice because there 
are four major requirements for the successful treatment of such burns, and 
this program meets all four of them. These requirements are relief of pain, 
prevention of infection, optimum conditions for rapid healing, and minimum 
disability during and after treatment. 

Pain is absent under either a pressure dressing such as is recommended 
by Allen and Koch or under a plaster cast as recommended by Levenson and 
Lund. To doa pressure dressing properly takes a little planning and a surpris- 
ing amount of practice. However, once a suitable dressing has been applied it 
should not be removed from a part thickness burn until the burn is healed. As 
pain in a burn is caused only by friction or by changing the dressing, it is seen 
that following this program will eliminate practically all of it. 

Infection can get into a burn only when the burn is uncovered or inade- 
quately covered. Cope has shown that even in major burns the contamination 
present at the time of arrival at a hospital is not a particularly serious matter 
in most cases, and that burns treated with no attempt to wash the surface do 
as well as burns that are washed. The dangers in washing a burn are that the 
washing may be inadequate or, when adequate, may be damaging to the tissues. 
Levenson and Lund, Logie, and Trueta, have also shown that burns encased in 
plaster will take care of the infection that is on the surface, while Willits and 
Hare show the ease and frequency with which burns and wounds become 
infected at changes of dressings. For these reasons a treatment to be safe from 
the standpoint of infection must be one in which dressings are not changed 
until healing has occurred. 

Optimum conditions for healing are not created by escharotics, by anti- 
septics, by “shot gun” ointments or by nutritive ointments. Cells can only 
grow. under certain conditions of moisture, temperature, pH, concentration of 
salts, etc., comparable to those prevailing in tissue fluid. These can only be 
created on the surface of the body by the tissue fluids themselves and therefore 
only when a stable covering is provided. 

Minimum disability during healing can be provided in several ways. For 
instance, infrequent visits to the doctor save much time for the ambulatory 
patient to work. A dressing, if possible, should not be too bulky, but it must 
be bulky enough and firm enough to splint the part sufficiently to avoid all 
friction and bulky enough to avoid soiling from the natural discharge of the 
burn. Levenson and Lund, who were stimulated to study this aspect of burns 
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by the very important animal experiments of Glenn, Gilbert, and Drinker, 
believe that in certain burns of the hand the prevention of swelling by a 
plaster cast prevents formation of abnormal deposits of fibroblasts in the 
tissues, and that hands treated in this way have returned to normal function 
more rapidly than hands treated by other methods. 


Major Burns. 

The principles underlying the treatment of major burns (all burns larger 
or deeper than second degree burns of under 5% of body area) are well stated 
by Whipple. The problems of treatment of the surface are complicated by the 
very severe systemic effects of these burns that must be treated prior to or at 
the same time that the burn is treated. As Pack and Davis have said: “It is 
wise counsel to advise the immediate general treatment of the patient rather 
than the burned area. It is penny wise and pound foolish to consume invalu- 
able time in applying perfect local dressings while the patient is sinking into 
irrecoverable shock.” To treat a major burn takes planning and teamwork. 
Excellent directions for such teamwork have been described by Gurd and 
by Harkins. 


Shock. 
The main reliance in the treatment of burn shock should be plasma. 
Electrolyte should be used only to alkalize the urine or to make up definite 


deficiencies in electrolyte that are due to known losses. Morphine should be 
given rather cautiously for pain, and heat should be used more cautiously than 
it has been used in the past. Although Blalock made definite estimates of 
the great loss of plasma from the circulation into the local tissues in severe 
burns over ten years ago, it was only since plasma became available that it 
was found that some cases can lose twice their original plasma volume in this 
way during the first twenty-four hours if they are kept alive by giving suffi- 
cient plasma rapidly enough. Because of this loss, plasma should be given early 
and freely. There are two guides to dosage. One is by using a “surface area” 
formula, which gives a fair estimate of the requirements during the first twenty- 
four hours. The other is by a hemoconcentration formula, which gives values 
that indicate immediate needs. One “surface area” formula is to give 100 cc. of 
undiluted plasma for each 1% of area involved above 5%. Another formula is 
to give 50 cc. of plasma for each 1% of area. Hemoglobin and hematocrit 
determinations should be started at once and repeated every two hours. The 
blood pressure should be determined at least hourly. In general, hemocon- 
centration precedes a low blood pressure, but if the blood pressure is low, at 
least 500 cc. and probably 1000 cc. of plasma is needed at once. To use the 
hemoglobin or hematocrit as a guide, several complicated formulas have been 
recommended. Harkins’ simple formula is, however, the most practical and 
useful. It is to give 100 cc. of plasma for each point the hematocrit is above 
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45, or 50 cc. for each point the hemoglobin is above 100. When using this 
formula, it must be remembered that it indicates only immediate needs. If 
plasma loss continues, later determinations may indicate additional amounts. 
In desperately shocked patients, the ordinary gravity administration of plasma 
does not allow rapid enough administration, and plasma may need to be given 
through a large needle under pressure. Some cases are burned very severely at 
all the usual sites for vein puncture. In such cases it will frequently be possible 
to administer plasma by femoral vein puncture, a technique that should be 
better known. In any case, the treatment of burn shock needs a considerable 
degree of clinical judgment, as other factors enter into the picture besides 
purely the surface area involved and the degree of hemoconcentration. Some 
feeble patients apparently have no capacity to concentrate their blood. There 
is also a variation in the plasma loss according to the area burned, its location 
and depth. In so far as possible, the plasma needs of a patient should be 
anticipated so as to prevent shock rather than treat it. 


Early and Late Complications of Burns. 

The earliest complication of burns is hemolysis of red blood cells and 
hemoglobinuria. It occurs only with severe burns. Patients with such burns 
should be catheterized at once and hemoglobin sought in the urine. Also the 
first blood specimen taken for hematocrit determinations should be used to test 


for hemoglobinemia. If either hemoglobinemia or hemoglobinuria are present, 
the patient should be alkalinized with intravenous injections of 40 cc. of 10% 
lactate to each 500 cc. of plasma or an equivalent amount of sodium bicar- 
bonate. As soon as an alkaline urine is established, the sodium lactate admin- 
istration should be stopped. Shen and Ham have shown that the source of the 
hemoglobin is probably from red cells burned within the capillaries of the 
burned skin, but its importance is that hemoglobin may be precipitated in the ~ 
kidney tubules by the usually very acid urine found in burned patients, and 
this may cause damage to the kidneys and lead to oliguria. 

Other complications are azotemia, marked increase of nitrogen output in 
the urine, hypoproteinemia, and anemia. Usually these do not start until 24 
to 48 hours after the burn. There is no specific treatment for the azotemia 
and azoturia except to maintain fluid balance without flooding the patient with 
salt. One should, however, keep in mind that azotemia and azoturia indicate 
a real breakdown of protein tissue and this loss must be made up in the food 
promptly. This loss, the demand for tissue regeneration, and the loss of 
protein from the surface in the form of plasma and pus is so great that the 
available protein stores may be depleted. As a result the plasma protein level 
decreases to extremely low points, and the patient’s weight falls off rapidly. 
This is a very serious circumstance that cannot be corrected by plasma or 
whole blood administration, and occasionally not by ordinary high protein 
diets because large enough quantities of protein cannot be given in this way 
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for long enough periods of time. The solution for this situation is forced feed- 
ing of a high protein, high vitamin diet, given preferably by stomach tube and 
supplemented by amino acids given through the tube or intravenously. The 
amounts of protein needed may exceed 300 grams (dried weight) per day or 
the equivalent of about four pounds of steak per day. The anemia of burns 
does not respond easily to iron. Multiple whole blood transfusions are needed. 
In some cases as many as 25 transfusions of 500 cc. each have been given to 
patients within two or three months with a successful outcome, but there are 
others in which even multiple transfusions do not control the anemia. 


Infection and Surface Treatment. 

In spite of what has been written in the past, infection is a very small 
problem in large second degree burns if they are treated as indicated earlier in 
this paper under the treatment of minor burns. But infection is universal in 
cases of third degree burns and always serious in large third degree burns. These 
should also have bulky dressings over simple ointments, and the dressings 
should be changed infrequently and should act as splints. Owens gets excellent 
results using pressure dressings without any ointment, substituting saline com- 
presses for ointment compresses as the inner layer. This is very important 
because it shows the unimportance of ointment and the importance of the 
dressing. Leaders in the study of burns, both civilian and in the services, are 
rapidly giving up escharotics and turning to simple ointments for major burns, 
in spite of the fact that the very recently published Military Surgical Manual 
V contains a section on tannic acid treatment. For instance, Churchill from 
North Africa writes with obvious pleasure of finding simple boric ointment 
used at the front there. 

Orr has shown that infected compound fractures encased in plaster and 
packed open do well. Trueta has used this treatment extensively under war 
conditions. Glenn, Gilbert and Drinker, and Barnes and Trueta have shown 
in animals that the flow of lymph from burns is greatly decreased, the blood 
flow remaining normal, in the experimental animal if the burn is encased 
in a close- fitting plaster and that healing is better than when no plaster is used. 
As mentioned above, Levenson and Lund have used this treatment successfully 
in humans. Such a plaster should be nearly skin tight, must enclose the tip of 
the extremity and, if possible, extend above the injury proximally, and must 
fit evenly. They have been applied and the patient allowed to go home and 
return for removal. They should not be bivalved and should remain in place 
for two to three weeks. In applying the plaster the burn is first covered with 
a layer of sterile vaseline gauze and the dressing should be put on under strict 
sterile operating room conditions. Then a thin layer of dry gauze is added 
and a nearly skin tight plaster put over this. The plaster should be just thick 
enough to avoid cracking later. 
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Chemical Prevention of Infection. 

Sulfanilamide, sulfadiazine, sulfathiazol, sulfaguanidine, propamidine, 
and penicillin are the most recent chemicals used locally to control infection in 
burns. These have been powdered on, put into ointments or creams, or incor- 
porated into sprays or into preformed films. Although good results have been 
claimed for each of these methods, none of them is useful unless all the other 
conditions of treatment are ideal, and then, in the author’s opinion, they are 
rarely necessary. It is wise, however, to give sulfadiazine by mouth in full 
doses in the early period of a severe burn, but not starting before the kidneys 
have commenced to secrete urine. In giving the drug by mouth one can regu- 


late the dose easily, whereas surface applications have at times resulted in 
definite over dosage. 
Skin Grafting. 

Areas of granulation should be covered with split thickness grafts in 
wide sheets at the earliest moment. Of course, slough has to be out of the way 
and the patient’s general condition must be good. It was formerly thought that 
any infection present on the granulations would prevent successful taking of 
such grafts. It is now thought that the patient’s condition and the technical 
factors of the graft are more important. There must be no hypoprotenemia, 
vitamin deficiency, anemia, or marked fever. For large areas, the Padgett 
Dermatome is a great help in cutting the grafts. The grafts should be sewed in 
place and absolutely fixed under an elastic pressure dressing. A cast should 
usually be employed over the dressing if the graft is on an extremity. 
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Explosive Properties of Metal Powders. 
By Hylton R. Brown, 
Chairman, N.F.P.A. Committee on Dust Explosion Hazards. 


In an article entitled “Dust Explosion Hazards of Powdered Metals,” 
which was published in the July, 1941, issue of the QUARTERLY, attention was 
called to the scarcity of data on the factors affecting the explosibility of metal 
powders. It was pointed out that practical experience had demonstrated that 
several of the metal powders were capable of forming explosive dust clouds in 
air and stressed the fact that further research would be necessary to obtain 
information on the explosive characteristics of many of the new powdered 
metals and alloys before suitable methods of providing protection against such 
hazards could be developed. Reference was also made in the article to some 
of the research work then under way in the laboratories of the Bureau of Mines 
to determine the relative flammability of a number of metal powders being 
produced commercially for use in powder metallurgy and in the manufacture 
of certain types of munitions. 

Since that time more than 50 samples of metal powders and alloys have 
been studied, and some of the results of the tests have been presented in a new 
publication of the Bureau of Mines, Report of Investigations 3722 (in press), 
“TInflammability and Explosibility of Metal Powders,” by Irving Hartmann, 
John Nagy and Hylton R. Brown. This report, which contains a number of 
tables, curves and illustrations, describes in some detail the methods developed 
for determining the relative flammability and explosibility of powders or dusts, 
and gives the results of different types of tests. The results of further research 
work now under way will be released later. 

The laboratory tests reported in the new publication were planned to 
produce as much data as possible on the explosive characteristics of the 
powders. Special efforts were made to obtain information on the following 
subjects: 

Ignition temperature of undisturbed layers of metal powders. 
Ignition temperature of metal dust clouds. 
Minimum energy of sparks capable of igniting layers of metal pow- 
ders. 
Minimum energy of sparks capable of igniting metal dust clouds. 
Minimum explosive concentrations of metal dust clouds. 
Maximum pressure produced in metal dust explosions. 
Rates of pressure rise during metal dust explosions. 
Relative flammability of different metal powders. 

This article is published by permission of the Director, Bureau of Mines, United States 


Department of the Interior. The author is Senior Engineer, Bureau of Mines, U. S. Depart- 
ment of the Interior. 
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Rate and extent of moisture absorption by metal powders in atmos- 
pheres of high humidity. 

10. Maximum permissible oxygen content in inert atmospheres that will 
prevent ignitions of metal powders. 

11. Effects of carbon dioxide and nitrogen on metal powders at high tem- 
perature. 


Tables included in the report have been compiled to give in comparable 
order the results obtained with each type of dust used in making the various 
determinations listed. 

Particular importance is placed on laboratory data by investigators who 
may wish to conduct further research on the subject and by safety engineers, 
accident-prevention boards and insurance commissions who frequently use the 
results of such tests as the basis for codes and recommendations on fire and 
explosion prevention. On the other hand, industrial plant operators are more 
interested in determining the presence and extent of hazards in their plants 
and the practicability of suggested methods of providing the necessary protec- 
tion. It is now possible to interpret for practical use some of the information 
available in the laboratory reports of tests made to determine the explosibility 
of metal powders. 

Metal Powders Tested. 

Information now available on the flammability of metal powders is based 
largely on the results of tests with fifty-three samples which included fourteen 
different metals and two different alloys. Different types of the same metal 
were tested whenever it was possible to obtain distinctive samples, because it 
is known that size of particle as well as the method of manufacture have im- 
portant influences on the explosibility of dusts and powders. The metals and 
alloys used in the series of tests are listed alphabetically below. 


Aluminum Copper Manganese Zinc 

Antimony Iron Silicon Zirconium 

Cadmium Lead Tin Magnesium-Aluminum Alloy 
Chromium Magnesium Titanium Dowmetal 


As many as four samples of some metal powders made by different pro- 
cesses were tested; and, in one instance, sixteen separate samples of the same 
metal, but consisting of different size particles or made by different processes, 
were included in the testing program. The following methods, which are 
described briefly below, were used in producing the powders tested: 

ATOMIZATION: In this method the molten metal is fed into a stream of 
air or gas, or the surface of the molten metal is struck by a jet of steam, air or 
gas and the fine particles are carried along with the air stream to a collector. 
Dust particles produced by this process are small and have comparatively 
smooth surfaces. 
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CONDENSATION OF METAL Vapor: Carbon monoxide is used to reduce 
vaporized metal oxide to metal vapor, which is then passed through condensers, 
where fine metal powder is formed. This process is used principally in the 
production of zinc powder. 

DECOMPOSITION OF CARBONYLS: Very fine metal powders are obtained 
under certain conditions by decomposing at high temperatures the carbonyls 
produced by passing carbon monoxide over reduced sponge metal. 

Mituinc: This method, which includes all types of grinding in mills, 
crushers, pulverizers, etc., is generally used to convert the friable metals into 
powders, which are classified according to size by screening. 

Repuction: In this process metal compounds (usually the oxides) are | 
reduced to metal powder in atmospheres of carbon monoxide or hydrogen. 

STAMPING: This process, sometimes included with other forms of milling, 
produces a fine, flat, thin flake which is particularly well adapted for use in 
the preparation of paints and inks. Stamp mills are fitted with hammers, which 
are automatically raised and dropped onto an anvil. Small pieces of scrap 
placed in the mill are struck heavy blows by the hammers until the metal is 
reduced to particles of the desired size. 


Conditions Necessary for Ignition. 

Ignitions and explosions of metal powder may occur under the same 
conditions required to produce explosions of carbonaceous dusts. Metal powder 
or dust in a quiescent state may be ignited by a spark or the application of 
sufficient heat to raise the temperature to the ignition point. If undisturbed, 
the powder will burn quietly, and the fire will spread at a rate depending to 
some extent on the availability of oxygen to complete combustion. The same 
sources of ignition are generally capable of starting a dust explosion; but to 
obtain such a reaction the powder must be scattered in the air in the proper 
proportion. 

The ignition temperature of the metal powders while in a quiescent state 
was found to range from 410° to 1742° F., twelve of the group of sixteen 
igniting at temperatures below 932° F. The ignition temperature of many of 
the metal powders was well within the range reported for a group of fifteen 
carbonaceous dusts, 518° to 670° F. Ignition tests of this type are generally 
made with quantities of the dust placed on flat surfaces inside an electrically 
heated furnace or oven equipped with temperature control and indicating 
instruments. The tests are designed to show the conditions under which igni- 
tions may occur in a plant if dust settles or is allowed to collect on hot surfaces. 

Ignition of a dust cloud usually requires a higher temperature or a larger 
source of ignition than is necessary to cause inflammation of a quiescent layer 
of the same material. In the series of tests with metal powders reported in the 
publication now available, it was found that the temperature necessary for 
ignition of a dust cloud generally ranged from 599° to 1652° F. Ina few cases 
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it was necessary to use magnesium-barium peroxide pellets to obtain ignitions 
in the pressure measuring apparatus. These pellets produce a short, bright 
flame with a temperature over 3000° F. Again, many of the temperatures are 
well within the range of ignition temperatures determined for carbonaceous 
dust clouds, and the tests show that many normal factory operations that 
require heat may be the source of ignition for a dust cloud. 

Other tests were made to determine the possibility of igniting dust clouds 
and dust deposits with electric sparks. In some tests to determine the ex- 
plosibility of dust clouds, a high-voltage continuous spark having an average 
power of 20 watts was used as the source of ignition. The minimum energy 
required for ignition of the dust has been determined by measuring the power 
of static spark discharges. It has been found possible to ignite layers of dust 
or powder on a metal plate with the spark discharge from a condenser charged 
to 400 volts, and the spark energy required for such ignitions has been found 
in a number of cases to be less than 0.05 joule. One dust sample was ignited 
by a spark having a measured energy of only 0.00024 joule. These tests indi- 
cate the extreme ease of ignition of some of the fine metal powders and call 
attention to the necessity of using only the special types of electrical equip- 
ment designed and approved for such locations. Grounding all apparatus to 
remove static charges is essential wherever there is any chance that a discharge 
will occur in a dusty atmosphere. 

Metal powders have certain limits of explosive concentrations, and it is 
possible to have the mixture of powder and air too rich or too lean to support 
combustion. These conditions under which metal powders will explode are 
quite similar to the limiting factors for carbonaceous dusts and gases. For the 
group of metal powders that have been tested, the lower limit of explosive con- 
centrations has ranged from 20 to 500 milligrams per liter. The figures, which 
are about the same as those obtained in tests with carbonaceous dusts, corre- 
spond to 20 to 500 ounces per thousand cubic feet. Some investigators have 
reported ignitions of both metal powders and carbonaceous dusts at much 
lower concentrations, and further investigation may reduce the figures cited. 
The fact that explosive mixtures capable of producing destructive pressure 
can be formed within the limits given is sufficient justification for the adoption 
of all possible precautions to prevent the dissemination of dust from the point 
of production and to remove promptly any dust accumulations that may occur 
through spills or leakage from machinery, 

The fineness of the powder, which may be referred to as the particle size, 
and the uniformity of particle size or percentage of the material that can be 
grouped within certain screen sizes are important factors in determining the 
relative flammability. The shape of the particle, which determines to some 
extent the surface area exposed for combustion in a dust cloud, is another 
factor that bears directly on the explosibility of the product. For men in the 
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plant these points are relatively unimportant because if tests have shown that 
the dust being produced or handled is capable of forming explosive mixtures 
with air, he can feel quite certain that the finest particles will be those normally 
found floating in the air. 

Pressure Developed. 

It would seem reasonable to expect the pressure produced in metal dust 
explosions to be lower than those that develop when carbonaceous dust clouds 
are ignited because the metal powders are converted during the combustion to 
oxides and presumably do not produce any great volume of gas as a product 
of combustion. It is somewhat surprising therefore to note the high maximum 
pressure and the high rates of pressure rise that have been measured in labo- 
ratory tests. Many of the pressures recorded are higher than those reported for 
some of the most explosive carbonaceous dusts, and the extremely high rate of 
pressure rise has led certain investigators to suspect that vaporization of the 
metal powder may occur and produce conditions closely approximating those 
that exist in explosive gas and air mixtures. Additional reseurch will be neces- 
sary before this theory can be substantiated or disproved. 

In the complete report of the investigation made to determine the ex- 
plosibility of metal powders, a number of tables are used to present data on 
pressures produced at different concentrations and under different conditions. 
In this article, one table has been arranged to give, in condensed form, the 
essential data on the explosibility of metal powders, and similar data for repre- 
sentative carbonaceous dusts have been appended because most persons are 
more familiar with the damage caused by explosions of carbonaceous dusts 
than those caused by metal powders. The information available will permit a 
person familiar with carbonaceous dust explosions to draw comparisons and 
make at least an approximate evaluation of the fire and explosion hazard in 
metal powder plants. Table 1, which includes information on the ignition 
temperature of quiescent layers of metal powder and metal dust clouds, as well 
as the maximum pressure and rates of pressure rise, can be used in comparing 
the relative flammability of the powders tested. 

In comparing the ignition temperatures given in Table 1 for a quiescent 
powder and a dust cloud, it will be noted that there is no consistent relation 
between the two figures. It is difficult to explain why in some cases the dust 
cloud ignited at a lower temperature than required for the static dust. The 
only explanation we can offer at the present time is that in some cases pro- 
longed heating of the powders on a hot surface produces a condition which 
permits the ignition at a lower temperature than is otherwise possible. On the 
other hand, in a moving dust cloud the powder may come in contact with the 
heated surface for only a short period. ‘This is a possible explanation of the 
cases in which the quiescent powder ignites at a lower temperature than the 
dust cloud. In the other case the only possible explanation is that the shape of 
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the powder permits the exposure of thin edges when the dust is in suspension, 
and these edges or fine projections can be ignited at a temperature somewhat 
lower than that required to ignite the product when the particles are packed 
together. ; 


Table |. 


Ignition Temperatures and Explosibility of Metal Powders with Comparable Data for 
Several Carbonaceous Dusts. 


Ignition Temp., °F. Maximum Pressure Rise 
Quiescent Dust Pressure Ib./sq. in./sec. 
Metal Powder Cloud Ib./sq. in. Average Maximum 


Aluminum, atomized gene 1292 58 1050 2250 
Aluminum, stamped 1193 62 2170 5700° 
Antimony 779 20 90 150 
Cadmium 1058 meer 
Chromium 1652 nae 
1292 e 
Dowmetal (magnesium - alumi- 
num alloy) 806 56 2570 
Iron Carbonyl 608 31 1200 
Iron, milled 1436 ar cae Leis 
Iron, reduced 599 36 430 
Lead, atomized 1310 an 
Lead, stamped 1076 ae ore ates 
Magnesium, milled 1004 65 3160 
Magnesium, stamped 968 72 4760° 
Magnesium-aluminum, milled... 878 995 62 3000 
Manganese via’ 842 31 400 
Silicon 1427 62 1180 
Tin, atomized 1166 34 850 
Titanium 896 52 1640 
1112 35 1350 
Zirconium ee 42 2570 


Similar Data for Carbonaceous Dusts. 


Ignition Temp., °F. Maximum Pressure Rise 
Quiescent Dust Pressure Ib./sq. in./sec. 
Metal Powder Cloud Ib./sq. in. Average Maximum 


Corn Starch 615 716 51 830 1590 

sate 887 58 680 1120 
Pittsburgh Coal Dust ae 1130 46 370 780 
Wood Pulp 1040 53 580 1000 


* Temperature rise in powder at 1292°. No other evidence of ignition up to 1652°. 


* This extremely high value should be accepted with caution because of possible errors 
in determining maximum slope of pressure time curves. 


* This powder not ignited by standard spark in Hartmann apparatus. Ignition produced 
by pellet of magnesium and barium peroxide. 


* Reaction noted at 1247°. No other evidence of ignition. 
5 Powder oxidized rapidly at 518°. No other evidence of ignition. 
* Dust cloud ignited when blown through furnace at room temperature. 





EXPLOSIVE PROPERTIES OF METAL POWDERS. 


Explosion Prevention. 

Dust explosions may be prevented if the production of dust clouds can be 
controlled or all possible sources of ignition can be eliminated. These two 
major principles have been the basis for the codes or recommendations for the 
prevention of carbonaceous dust explosions which have been developed by the 
Dust Explosion Hazards Committee for a number of different industries.* The 
same general rules are applicable in plants producing or handling metal pow- 
ders, and specific recommendations for metal powder plants based on the 
results of the laboratory work now being reported probably will be incor- 
porated in new codes being considered by the committee. 

Dust control can generally be depended upon to provide protection against 
dust ignitions wherever it is possible to collect the dust at the point of produc- 
tion and prevent the dissemination of any dust into the atmosphere of the 
room or enclosures where the quantity in suspension in the air could increase 
until it reached an explosive concentration. Natural ventilation and positive 
exhaust or suction systems may be employed for dust control, and companies 
specializing in dust-collection equipment have developed a number of different 
types of both wet and dry dust-collecting systems to meet different needs. In 
some cases dust production can be eliminated by the employment of wet 
grinding and handling of the product in sludge form, but the substitution of 
such methods for a dry system may introduce many other serious problems or 
simply transfer the explosion hazard from the grinding to the drying depart- 
ment. 

The elimination of possible sources of ignition is a somewhat less depend- 
able method of preventing dust explosions because there are so many possibili- 
ties of a spark or flame being produced by conditions beyond the control of 
the plant operator. Attention has previously been called to the ease of ignition 
of many of the metal powders, and the difficulty of eliminating all static 
sparks, electric arcs, flames and heated surfaces in manufacturing plants is 
readily apparent. The fact that many of the fine dusts can be ignited by static 
sparks of very low energy emphasizes the necessity of thoroughly grounding 
all equipment and the building itself to remove any charges of static electricity. 
Lightning protection for all buildings is essential, and the possibility of metal 
powder accumulations forming grounds other than those originally provided 
should be considered. 

The use of carbon dioxide, nitrogen or other gases to reduce the oxygen 
content of atmospheres within enclosures has generally been found to be an 
effective method of preventing ignitions of carbonaceous dusts. In the tests 
that have just been completed, it was found that some of the metal powders 


*National Fire Codes for Prevention of Dust Explosions, published by the National Fire 
Protection Association. 
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could be ignited by sparks in pure carbon dioxide, and for a few of the powders 
pure nitrogen provides only a narrow margin of safety against ignition. If 
ignited, magnesium will burn in nitrogen to form magnesium nitride. Atmos- 
pheres of helium or argon were found to be more effective than carbon dioxide 
and nitrogen in preventing ignition of the metal powders, but their use in 
commercial operations is not considered practical unless provision can be made 
to prevent loss of the gas from the powder producing or handling equipment. 

These results indicate that dependence for protection against dust igni- 
tions should not be placed on atmospheres with reduced oxygen content 
obtained by the introduction of carbon dioxide or nitrogen unless laboratory 
tests have demonstrated their effectiveness. 


Protection Against Destructive Pressure. 

Probably the most important information needed in any attempt to pro- 
vide protection against dust explosions is data on the maximum pressure that 
can be expected and the maximum rate of pressure rise. With such information 
available, it is frequently possible to design a machine enclosure or a building 
wall sufficiently strong to withstand the pressure until it can be dissipated 
through a vent or outlet to the outside of the building. Venting has been found 
quite effective in providing protection against structural damage by explosions 
of carbonaceous dusts; and the ratio of venting area to building volume, as 
well as the spacing or location of the vents, has been determined for certain 
types of plants and equipment. 

Only a few opportunities have been presented to study the possibility of 
providing vents for the release of pressure produced in explosions of metal 
powders. Production of many of the metal powders is a comparatively new 
industry, and the materials have generally been manufactured or handled in 
small separate buildings. Explosions have wrecked or seriously damaged these 
small buildings. In a few cases where more substantial buildings have been 
provided to house the dust-producing equipment, explosion vents or hinged 
windows have been installed in the ratio of about 1 square foot of vent for 
each 25 cubic feet of room volume. Information available indicates that such 
vents have proved satisfactory and prevented structural damage to the build- 
ing where no part of the enclosure was a greater distance from the vents than 
the least horizontal or vertical dimension of the room in which the ignition 
occurred. It is necessary, of course, in providing such protection to be sure 
that the vents will operate before the pressure of the explosion is sufficient to 
break down other walls of the room, and that there are no means of com- 
munication through which flames could be forced into adjoining enclosures 
where dust may be present. 

The possibility of providing effective vents for explosions of some of the 
powders that showed unusually high rates of pressure rise in the laboratory 
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tests has not been established. The difficulty of providing suitable vents is 
apparent when it is noted from the table that in at least one case the maximum 
rate of pressure rise exceeded 5000 pounds per square inch per second. The 
maximum pressure was reached less than 0.02 second after ignition occurred. 
It is obvious that, in such cases, special types of vents and very close spacing 
will be necessary. An N.F.P.A. Committee on Explosion Venting is being 
organized to study the venting of explosions and to prepare recommendations 
for the safe release of pressures produced in ignitions of both dust and gas. It 
is hoped that research work planned by the committee will produce informa- 
tion on the size, type and location of vents necessary to release harmlessly the 
pressure produced in metal dust explosions. Until more detailed information 
is available, it will be wise for plant operators not only to guard against all 
possible chances of metal dust ignitions, but to segregate hazardous operations 
and provide the maximum possible area of vents, such as windows, weak walls, 
or light roofs, for any buildings where metal dust explosions may occur. 
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CONGOLEUM-NAIRN CO. EXPLOSION. 


Congoleum-Nairn Co. Explosion. 


One of the most serious industrial fire losses affecting the war effort 
during the past summer was the result of an explosion that wrecked buildings 
of Congoleum-Nairn Company at Kearny, New Jersey, on August 19, 1943, 
causing a loss of 12 lives. The loss has been estimated in excess of $2,000,000, 
exclusive of losses due to interruption to production. In addition to the usual 
manufacture of linoleum, the section of the plant where the blast occurred was 
occupied by a tenant concern manufacturing camouflage materials for the 
Army. 

Description of Property Involved. 

The building in which the explosion initiated was of reinforced concrete 
construction covering an area of 180 by 190 feet, and was known as Building 
No. 12. It contained eleven drying cells, each of which was 190 feet long, 12 
feet wide, and 50 feet high. Cells 1 to 5 were used for linoleum drying. Cells 
6 to 8 were used for camouflage drying following a waterproofing process. Cells 
9 to 11 were mainly used for storage. 

Adjacent to the north walls of cells 1 to 8 was a 5-story building of brick 
and reinforced concrete covering an area of 22 by 106 feet. The top floor of 
this building was used for coating, charging, and withdrawing material from 
the cells. The lower floors were used for storage. Attached was a one-story 
addition 38 by 106 feet in area, of brick construction with a plank and timber 
roof. There was another 4- and 5-story building near by. This was likewise 
seriously damaged in the explosions. Other near-by buildings were damaged 
by débris and the force of the blast. 

The entire property was protected by a wet-pipe sprinkler system. 


Processes Involved. 

As previously indicated, three of the drying cells were being used for the 
drying of camouflage which was the property of a tenant concern. The camou- 
flage consisted of nets sewed into a continuouS\piece and passed through a 
bath of solution, then through rollers and into the top of a drying cell, where 
an employee was stationed to guide the festooning. It is reported that approxi- 
mately 8 hours were required to charge one of the cells, and that more than a 
thousand gallons of naphtha solvent were required for a charge. Drying was 
accomplished by keeping the cells hot for a day by means of steam-heated 
drying coils. 

The drying cells, as originally constructed for use with linoleum, were 
merely provided with sufficient ventilation to permit employees to work at the 


Note: This account has been prepared from data obtained from various unofficial 
sources; no official report has as yet been released. 
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top level during the festooning process. This ventilation was accomplished by 
having fans remove and replace air through a duct system. The only additional 
ventilation provided for cells used in camouflage drying was the addition of one 
window fan of 30- or 36-inch size at the ground level of the three cells used for 
this purpose. These fans were of sufficient rated capacity to move the air 
content of the cell in seven to nine minutes. There was apparently no provi- 
sion for explosion venting. 
Cause of the Explosion. 

The blast occurred at 5:30 p.m. in cell No. 8, just as steam was turned 
on for the drying process. Cell No. 6 was being turned off, and cell No. 7 was 
being emptied. The actual cause of the ignition, if known, has not been 
released by Army investigators. However, it is known that ordinary electric 
lights were in use at the time and could have caused the ignition of the vapors 
of the solvent, said to have consisted of 75 per cent naphtha. 


Story of the Fire. 

Twelve employees lost their lives as a result of being crushed by the heavy 
débris of the wrecked buildings. At least eight other persons were seriously 
injured. 

Fire was confined to the débris and was fought by fire apparatus and 
fireboats from five near-by cities. Several hundred sprinkler heads operated in 


the fire area and appear to have been generally helpful, although fire depart- 
ments complained of low water pressure due to broken sprinkler lines of various 
sizes from 34-inch to 6-inch pipe. 

The accompanying photographs describe better than words the tremen- 
_ dous damage wrought by this explosion. While it was believed that the work of 
coating camouflage nets would not be resumed at this plant, other war work 
was back in production within a very few days. 





VENTING OF TANKS EXPOSED TO FIRE. 


Venting of Tanks Exposed to Fire. 


By James J. Duggan (Member N.F.P.A.), 
G. H. Gilmour and P. F. Fisher 


The most severe hazard to which a vessel may be subjected is in most 
cases exposure to external fire and the attendant rise of internal pressure. Com- 
plete specifications for the release of this overpressure applying to unfired 
vessels are lacking, and the present standards in the opinion of the authors are 
inadequate. 

Part 1 of the paper on which this article is based outlines tests and expe- 
rience with vessels enveloped in flame, and sets forth an observed rate of heat 
absorption. Parts 2 and 3 state the theory on which the solution is based and 
express it mathematically in simple, useful formulas for unfired pressure 
vessels and atmospheric tanks in either gas or liquid service. 


This article is a condensation of a paper, “Requirements for Relief of Overpressure in 
Vessels Exposed to Fire,” presented to the Petroleum Division of the American Society of 
Mechanical Engineers at the Semi-Annual Meeting, Los Angeles, June 17, 1943. The paper 
and discussion will appear in the ASME Transactions. Copies are not now available, but at 
a later date the Transactions may be obtained from the American Society of Mechanical 


Engineers, 29 West 39th St., New York. 

The authors, connected with the Carbide and Carbon Chemicals Corporation, South 
Charleston, West Virginia, unit of the Union Carbide and Carbon Corporation, have, over 
a period of years, been giving extensive study to the problems outlined in this article. 
N.F.P.A. members will recall the article, “Testing and Inspection for Fire Prevention,” by 
Mr. Duggan in the QuarTERLy for July, 1938. 

Explosion, or pressure rupture, of gasoline and other tanks exposed to fire, has been 
responsible for many casualties and extensive property damage. Numerous examples will be 
found in accounts of gasoline and oil fires published in the QUARTERLY (October, 1926, page 
190; July, 1930, page 105; July, 1934, page 53; January, 1938, page 227; October, 1938, 
page 143, and January, 1939, page 271). It should be noted that in the present article the 
authors distinguish between true explosions due to the ignition of an explosive mixture of 
flammable vapor and air in the tank, and failures due to excessive internal pressure, which 
often have violent effects and are commonly referred to as explosions. The present paper 
discusses venting to relieve excessive internal pressure due to heat; explosions of vapor-air 
mixtures cannot be relieved by any such vents as are discussed here. Flame arresters, rather 
than vents, are the safeguards commonly employed to safeguard against vapor-air explosions. 

While the authors of the present article present evidence to show that present N.F.P.A. 
standards for emergency venting (National Fire Code for Flammable Liquids, Gases, Chem- 
icals and Explosives 1943, page 19) are inadequate to prevent pressure rupture of tanks 
surrounded by fire, the available fire record shows that in the majority of tank failures the 
emergency vents were far below the existing N.F.P.A. standards, and in many cases no vents 
were provided in addition to the normal operating vents. The N.F.P.A. Committee on 
Flammable Liquids, which has jurisdiction over the N.F.P.A. standards on emergency vent- 
ing, may be expected to review the existing standards: in the light of the data presented in 
this article—Eb. 
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PART ONE. 


Observed Rate of Heat Absorption. 

According to some regulatory and recording associations, the majority of 
vessel failures during exposure to fire are attributed to inadequate relief capac- 
ities. Yet there is a definite lack of investigated data which may be applied to 
determine the necessary relief areas for that condition. Much effort was 
expended to collect such data which are outlined below. It is believed that 
additional information of the kind is existent. 

The only standards available for emergency relief specifications applying 
to process and storage equipment are those published by the National Fire 
Protection Association’ and the National Board of Fire Underwriters.’ These 
are based upon “The Rates of Vaporization in Gasoline in Storage Tanks Ex- 
posed to Fire,” which was prepared by the engineering office of the American 
Petroleum Institute. This is a theoretical analysis based on the assumption that 
heat will be absorbed by the contents at a rate of 6000 B.t.u. per hr. per sq. ft. 
of surface wetted by the liquid contents. The authors believe this assumption 
to be inadequate for reasons which are apparent below. 

The authors conclude that pressure relief areas should be designed on a 
basis of 20,000 B.t.u. per hr. per sq. ft. of surface wetted by the contents and 
exposed to fire. Where vessels are in confined areas, buildings, or enclosures, 
and an intense fire could occur, no reduction from the maximum height of the 
surface to be wetted by the contents should be used when designing emergency 
pressure relief. Where such equipment is in open areas, properly spaced, dyked, 
and otherwise installed in accordance with recognized standards, it is con- 
sidered not economical to design for a heat-input height of less than 40 ft. and 
unsafe under average conditions to use less than 30 ft. Further, no reduction 
of the heat absorption rate of 20,000 B.t.u. is proposed (except for atmospheric 
working pressure tanks as outlined in Part Three of this paper) to allow for 
the possibility that vessels may not be completely surrounded with flame during 
a general fire. 

Tests of Tanks Exposed to Fire. 

In Part One of the paper, seven tests of vessels exposed to fire by four 
separate organizations are analyzed. These tests gave an average rate of heat 
absorption of 24,000 B.t.u. per hr. per sq. ft. of surface wetted by the con- 
tents. None of these tests were made on large vessels, the biggest being 3000 


1N.F.P.A. “Flammable Liquids Ordinance,” published in National Fire Codes for Flam- 
mable Liquids, Gases, Chemicals and Explosives, Edition of 1943, and in separate pamphlet 


form. 

? “Crosby-Fiske-Forster Handbook of Fire Protection,’ N.F.P.A. Flammable Liquids 
Ordinance, N.F.P.A., Boston, Mass., 1941, Ninth Edition, pages 107 and 108. 

* Containers for Storing and Handling Flammable Liquids,” N.B.F.U. Pamphlet No. 30, 


N.B.F.U., New York City, N. Y., 1941, pages 37 and 38. 
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SAFETY VALVE 
0.312 SQ. IN. ORIFICE 
37S LB. SQ. IN. SET 
PRESSURE 


Diagrammatic representation of the fire exposure test of the 300-gallon propane 
tank, the basis of existing venting standards for liquefied petroleum gases and for 
tank cars developed from tests by John F. Fetterly, Bureau of Explosives, 1928. 

gal. nominal capacity. They were tests on a 1000 lb. capacity propane tank* 
which gave a maximum rate of heat absorption of 23,000 B.t.u. per hr. per 
sq. ft., on a 24 sq. ft. steel plate’ showing 32,000 B.t.u. per hr. per sq. ft., on 
a 150-gal. gasoline compartment® affording heat rates of 20,000 to 29,000 
B.t.u. per hr. per sq. ft., and four of our own tests, concluded in 1940, on a 
3000-gal. tank containing water which gave an average rate of heat absorption 
of 19,700 B.t.u. per hour per sq. ft. 

In two of the seven tests which are cited in the paper, the observed heat 
input rate was calculated ‘by multiplying a measured rate of water flow by a 
measured rise in temperature of the water. Another calculation consisted of 
measuring the rate of rise in temperature of a known quantity of water in a 
tank. Two other heat input rates were calculated from the rate of vaporization 
of liquids from tanks exposed to external fire; thus the heat input rate of 
approximately 20,000 B.t.u. per hr. per sq. ft. for vessels containing liquids is 

*“The Determination of the Relief Dimensions for Safety Valves on Containers in which 
Liquefied Petroleum Gas is Charged and when the Exterior Surface of Container is Exposed 
to a Temperature of 1200° F.,” J. F. Fetterly, Bureau of Explosives, 1928. 

° “Opacity of Water to Radiant Heat Energy,” Underwriters’ Laboratories, Inc., Bul- 
letin of Research No. 3, Chicago, Illinois, January, 1938. Abstracted in N.F.P:A. QUARTERLY, 
April, 1938, page 300. 


*“Impact, Hydrostatic, and Fire Tests—Aluminum Alloy Compartments for Tank 
Trucks,” .Aluminum.Company.of America, New Kensington, Pennsylvania, 1930. 
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2" WATER LINE TO NOZZLE 


PIPE SUPPORT FOR 
FUEL RINGS AND 


1" FUEL PIPE 
RINGS AROUND 


‘© "TAG" INDICATOR 
OF FIRE PAN 


Sectional diagram of equipment used in tank fire exposure tests, Carbide 
and Carbon Chemicals Corp., South Charleston, West Virginia. Rate of 
absorption of heat from fire surrounding the tank was determined from the 
rise in temperature of a measured flow of water over the tank, or from the 
increase in temperature of the contents. 


established by means of simple calculations without resort to any assumption 
of the mechanism of heat transfer or the temperature of the flame. In the 
paper, however, the theory of the heat transfer process is developed both as a 
matter of interest and as a means to show that a heat input rate of 20,000 
B.t.u. per hour per sq. ft. is reasonable. The difficulties in measuring the true 
temperature and black body coefficient* of the flame and the shape factor* 
involved in the transfer of radiant heat from the flame to the wall of the vessel 
are recognized. But by assuming that the black body coefficient and the shape 
factor are unity, then the theoretical flame temperature required to transfer 
the heat may be calculated, and this is referred to throughout the paper as the 
effective flame temperature. The magnitude of the effective flame temperature 
required to transmit 20,000 B.t.u. per hr. per sq. ft. from a flame to a tank is 


*The transfer of heat by radiation depends upon the character of the surface and its 
shape. Standard measurements assume a black, non-reflecting surface, with radiation per- 
pendicular to a flat surface. When the character and shape of the surface are different, the 
attendant variations in heat transfer by radiation are expressed in terms of “black body 
coefficient” and “shape factor.”—Eb. 
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Typical view of one of the 
fire tests to determine rate 
of heat absorption. Liquefied 
hydrocarbon fuel was re- 
leased through three rings of 
pipe. An asbestos shield was 
used to avoid distortion of 
results by wind effects (one 
section in place at right). 
The results corroborated 
data from other sources asa 
result of which the authors 
propose substantially greater 
emergency venting areas 
than have heretofore been 
used. 





approximately 1400° F. This is considered to be a reasonable value, thus 
giving theoretical support to the observed heat input rate. 

Since the paper was written, reports were received of four other tests 
conducted in 1938 by one of the large producers and distributors of propane 
and butane gases. Two of these were sufficiently detailed to afford data on 
heat absorption rates. One on a 100 Ib. capacity propane container gave an 
average rate of 21,600 B.t.u. per hr. per sq ft. The other on a 1000-gal. 
capacity container showed a heat input of the order of 33,000 B.t.u. per hr. per 
sq. ft. for a short time. 

Another paper has come to hand citing a test (about 1925) by Mr. H. H. 
Hall of the Standard Oil Company of California. This was said to have been 
made on a horizontal water tank about the size of a tank truck placed inside of 
a dyked area flooded with burning gasoline. Energy was absorbed at a rate of 
416 B.t.u. per min., or 24,960 B.t.u. per hr. per sq. ft. of surface wetted by 
the contents. 


Analysis of Vessels Exposed to Accidental Fire. 

In evidence are the reports of five tank failures from accidental fire 
exposure. These were all vertical, cylindrical tanks with dished heads. They 
were designed for 5 Ib. per sq. in. gage working pressure with a safety factor of 
five, but operated at atmospheric pressure. Four were 10 ft. 8 in. dia. by 
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18 ft. 10 in. overall length, 10,200 gal. nominal capacity, with 583 sq. ft. of 
wetted surface when nominally full (700 sq. ft. total). The fifth tank was 
only 12 feet high and of 7000 gal. nominal capacity. All of the tanks were 
provided with 3 in. iron pipe size vents, which size was in excess of N.F.P.A.- 
N.B.F.U. standards. 


Two of the largest tanks were severely exposed for about fifteen minutes. 
They were equipped with Underwriters’ Laboratories tested vent units and 
flash arresters. Both were empty at the time but were in diethanolamine serv- 
ice. This compound is stable at elevated temperatures, has a boiling point of 
514° F., and a flash point of 140° F. The three-inch diameter vents were 
adequate for a heat of absorption rate of 7000 B.t.u. per hour through 583 sq. 
ft. of wetted surface. The vessels failed from internal pressure. No explosions 
were noted by observers. Calculations by the formula in the paper give a 
developed internal pressure of 25 Ibs. per sq. in. gage from expansion of the 
contained air. This is great enough to cause the type of failure which occurred. 


The third tank of 7000-gal. capacity was exposed for only about five 
minutes. It contained 3300 gals. of ethyl butyric acid, which does not break 
down when boiled at 381° F. Three hundred (300) gallons were vaporized, 
necessitating a rate of heat absorption of 20,000 B.t.u. per hr. per sq. ft. of 
wetted surface for a six-minute exposure. 

The fourth vessel of 10,200-gal. capacity was exposed about ten minutes. 
This contained 3025 gals. of ethyl butraldehyde, which boils at 240° F. and 
probably undergoes partial dissociation above that temperature. At a 20,000 
B.t.u. per hr. per sq. ft. rate of energy absorption, vaporization of contents 
would have built up pressure in the tank to 24 Ibs. per sq. in. gage despite the 
3-in. atmospheric vent apparatus. This, coupled with probable partial break- 
down of the contained vapor, resulted in rupture of the vessel. 

A fifth tank (10,200-gal. capacity), exposed on one side only, contained 
2540 gals. of triethylene glycol, a very stable and non-volatile compound which 
boils at 620° F. The 3-in. vent had been reduced to 1% inches. The contents 
were of such low temperature immediately after the fire that the hand could 
be held on the portion of the tank containing liquid. The vessel failed at the 
top head seam. On-the-spot observations and subsequent investigation did not 
indicate internal explosion. Calculations by the developed formula gave a 
possible internal pressure of 35 Ibs. per sq. in. gage from expansion of the 
contained vapor-air mixture. 

Recently, a number of additional tanks like the above were involved with 
fire. The analysis of the individual failures gave results similar to those out- 
lined. It is further significant that some of these 10,200-gal. capacity tanks 
were equipped with 4-in. size atmospheric vent apparatus rather than the 
standard 3-in. size, and yet, were damaged from excessive internal pressure. 
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The contents were acetone, a stable compound, and the relief capacity was 
compatible with a designed heat absorption rate of 10,850 B.t.u. per hr. per 
sq. ft. of wetted surface when nominally full. 


Height of Effective Flame Temperatures. 

Since the heat-input to a vessel exposed to fire depends on the mean effec- 
tive flame temperature, it is necessary to estimate the height to which tempera- 
tures of the order of 1400° F. may be expected. 

The authors have observed aluminum (1125 to 1490° F. melting point), 
glass (1400 to 1600° F. melting point), and brass (1575 to 1800° F. melting 
point) melted more than 20 ft. above grade during flammable liquids spillage 
fires in open areas in less than an hour. Drooping type failures of unloaded 
structural steel, necessitating temperatures of at least 1000 to 1200° F., at 
elevations of 30 to 40 ft. above the spillage have also been noted under similar 
circumstances. An aluminum (1216° F. melting point) tank 17 ft. in diameter 
by 19 ft. 414 in. high was known to have been surrounded by fire and com- 
pletely melted down in a matter of a few minutes. The tank was one-third full. 

Since the paper was written, observations were made of the flame tempera- 
tures of burning butadiene. Temperatures over 1000° F. at 23 ft. above a 
51 sq. ft. pan were read. This was done in the open, using an unshielded 
thermocouple. An estimated ten-mile an hour wind was blowing at the time. 

These observations led to the suggested 30 ft. minimum and 40 ft. prefer- 
able design heights* previously mentioned. 


Conclusions, Part One. 

The tests and experiences analyzed would indicate that 20,000 B.t.u. per 
hr. per sq. ft. of wetted surface exposed to fire is a safe minimum rate of heat 
absorption as a basis for the design of emergency relief capacities. Observa- 
tions and calculations indicate this to be commensurate with an effective flame 
temperature of about 1400° F. completely around the vessel exposed. Mod- 
ification of this rate is suggested for atmospheric tanks above 15 ft. in diam- 
eter, as outlined in Part Three of the paper, to allow for the lessened possibility 
of complete envelopment in flame and lengthened time required to heat the 
contents throughout. 

Substantial fire-resistive insulation will, of course, lower the heat absorp- 
tion rate proportional to the reduction effected in the heat transfer rate 
through the tank wall when the insulation is exposed to hot gas temperatures 


*It is often assumed that fires at the ground level have little exposure effect on struc- 
tures high above the ground. However, the experience of ignition of the upper floors of high 
buildings by exposure fires in adjacent low buildings shows that heat may be transmitted by 
radiation and convection to very considerable heights. The authors’ proposal that vents be 
designed on the basis that fire around a tank will affect it for a height of 30 to 40 ft. above 
the ground is certainly not unduly conservative, and it might be argued that fire exposure 
should be assumed to affect the entire height of the tank.—Eb. 
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of 1400° F. The authors suggest that this lowered rate not be used in calculat- 
ing the size of relief connection, although it may be reflected in the capacity 
of the relief device. 

The authors realize that the observed rate of 20,000 B.t.u. is an increase 
over accepted practice (6000 B.t.u.) of considerable magnitude. However, the 
increase is in the direction of safety, and in view of the evidence collected, a 
substantial increase is needed. Naturally, many installations exposed to fire 
are so completely destroyed that neither rate can be substantiated on the basis 
of remaining evidence. Authorities and observers agree, however, that many 
of the failures were definitely due to excessive internal pressures and not to 
combustion explosions as commonly believed. 


PART TWO. 


Requirements for Relief of Pressure’ Vessels. 


Having established a rate of heat absorption for a vessel containing liquid 
exposed to fire, the next logical step is to correlate the several variables of 
container dimensions, working pressures, and properties of contents into simple, 
useful expressions whereby the necessary relief capacity can be calculated. 
This may be done by equating the vaporization rate (produced by the energy 
absorbed) to the flow through the free area of the relief opening. 

There are two expressions for the flow of vapor through an opening, one 
for flow above and one for flow below the critical or acoustic velocity. The 
pressure at which this change in flow occurs ranges from 10 to 15 Ibs. per sq. 
in. gage approximately, depending upon the properties of the gas flowing. 
From a practical viewpoint, the flow of all vapors from pressure above 15 lbs. 
per sq. in. gage is in excess of the critical velocity; so that one orifice equa- 
tion may be used in computing the relief requirements for vessels operating 
above that pressure. For that reason, Part Two of the paper has been pre- 
pared to apply only to vessels operating at pressures above 15 lbs. per sq. in. 
gage. Part Three covers atmospheric pressure storage. 

The authors emphasize that this discussion applies to relief areas, relief 
connections, and calculated flow capacities of free areas.* It is not a discussion 
of relief devices or apparatus, relative merits of types, etc. 


* Pressures above 15 lbs. per sq. in. gage. 

*In determining the relief vent sizes given in this article, a coefficient of discharge of 
0.83 was used for flows through a short tube (a tank connection) at pressures above 15 Ibs. 
per sq. in. gage, and a coefficient of 0.70 for flows at pressures not to exceed 0.50 Ib. per sq. in. 
gage. The actual discharge capacity of venting devices may vary considerably from the 
nominal diameter of the vent, and where the venting device is connected to the tank by a 
length of pipe, the friction loss in the pipe will naturally reduce the vent capacity. Many 
safety valves now in general use do not have discharge capacity approaching that of their 
pipe connections.—Eb. 
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Formulae for Vent Sizes. 

It was concluded that two formulas, if properly applied to vessels to 
operate at pressures above 15 lbs. per sq. in. gage, would indicate the relief 
capacity in terms of free area of opening required to limit the pressure rise 
within to a specified maximum. 

The diameter of the necessary free circular opening, in the form of a pipe 
connection, when the volatile liquid contents are vaporized by the heat of 
external fire, is determined by the following formula: 


97.3 Sw 


d= (p+ 14.7) 


Cs) (1) 


3333.3 
When a gas or vapor (the only contents) is expanded by the heat of external 
fire, the diameter is 


0.0803 S 


d= (2) 


V (P+ 14.7) 
In equations (1) and (2) d is in inches, Sw is surface wetted by the contents 
and exposed to fire in sq. ft., S is total surface exposed in sq. ft., and P is the 
maximum relieving pressure in lbs. per sq. in. gage. 


The Theory and Method. 


When a vessel is involved in fire, heat is absorbed by the contents and the 
temperature rises. If the contents are liquid, vapors are formed and boiling 
eventually occurs; if the contents are vapors or gases, rapid expansion takes 
place. In either case, the relief capacity must be equivalent to the vaporiza- 
tion rate or the rate of volume increase, as the case may be, or uncontrolled 
pressure rise will result and rupture of the vessel may follow. 

On this basis, it is possible to compute the required relief area by setting 
the equation of relief capacity equal to the equation of the rate of vaporiza- 
tion or the rate of volume increase.’ When this is done, two expressions result 
which are the origin of formulas (1) and (2) and which include, in addition 
to the symbols Sw, S, and P, the terms which relate the properties of the con- 
tents and which we have called the contents factor. 

The contents factor for liquids is (T/Mr?)"* in which T is boiling point 
in degrees Fahrenheit at the relieving pressure, M is the molecular weight, and 
r is the latent heat of vaporization at the temperature T in B.t.u. per pound. 
In the paper, we have explained and shown in detail how this term may be 
reduced to the more simple (P + 448) /3333.3. This was done by plotting the 
values of the contents factor for the known hazardous liquids against pressure 
and from the graph, choosing a single, safe, but economical value for the many 


* The equation of the rate of expansion of confined vapor was based on the assumptions 
that the gas laws hold and that heat is absorbed by natural convection. 
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volatile liquids to be contained. However, the contents factor may be com- 
puted directly for any liquid if desired. 

The contents factor for gases is (F /CpM"?)¥? in which F is a function 
of the physical properties and is given as a numerical value in heat transmission 
literature, Cp is the specific heat of the gas or vapor, and M is the molecular 
weight. This factor was evaluated for a number of representative gases having 
large numerical values, and the properties of air were found to give the largest. 
By substitution, the factor was then expressed in terms of pressure and tem- 
perature. It was then possible to reduce the general expression to formula (2) 
by inserting temperature limits for the initial vapor temperature (0° F.) and 
final tank wall temperature. The final wall temperature to which a steel vessel 
of the usual “‘Code design” could be heated and remain intact at the relieving 
pressure was estimated to be 1100° F. 

After determining the diameter of the relief area as outlined above, the 
relief capacity may be calculated by using the area in any one of the follow- 
ing orifice formulas as the case may require: 


W = 262 aP V M/T lb. per hr. of vapor.’ (3) 


1682 aP 
Q she — cu. ft. per min. of free vapor at 68° F.’ 


353 aP 
o= VT cu. ft. per min. of free air at 68° F.” (s) 


W = 42.7 aP lb. per hr. saturated steam.” (6) 


In these a is the relief area in sq. in. and P is the relieving pressure in lbs. per 
sq. in. absolute, M is the molecular weight of the contents, and T is the con- 
tents vapor or gas temperature in degrees Fahrenheit absolute at the pres- 
sure P. For conditions of fire exposure, T is the liquid temperature correspond- 
ing to the relieving pressure; this temperature figure may be obtained from 
temperature-vapor pressure data in handbooks. For vessels in gas service, T 
is the temperature (absolute) at the relieving pressure; T may be computed 
by the gas law, T/P—T’/P’, when the initial temperature and pressure condi- 
tions and the safé relieving pressure are known. (These temperature figures 
are approximate, but are on the safe side.) 

The relief apparatus should then be chosen of a capacity, based on ap- 
proved flow test, to pass this calculated rate. Consideration may be given to 
multiple devices or multiple types as the user may desire. 

°“A P.I—A.S.M.E. Code for Unfired Pressure Vessels,” New York, New York, 1938 
edition, page 74. Modification from a tapered nozzle to a short tube. 


* Fliegner’s equation. 
™ Napier’s formula. 
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Conclusion, Part Two. 

The formulas proposed give relief capacities much greater than are at 
present employed. In order that the results may be compared with known 
proposals or standards, Figure V has been included. On this it will be noted 
that Fetterly’s* formula gives relief areas averaging about 10 per cent in excess 
of formula (1) at the pressure plotted; that formula (1) for volatile liquids 
gives relief areas about 50 per cent greater than those specified for steam; and 
that formula (1), when modified by the properties of water, gives relief areas 
about 50 per cent less than the regulations for steam boilers. (Comparison of 
unfired pressure vessels with steam boilers is hardly justified, but it does show 
that the results-are in the logical direction when it is considered that about six 
times as much heat is required to vaporize water as compared to the volatile 
liquid considered.) Also appearing is Curve 6, showing relief diameter sizes 
based upon 6000 B.t.u. per hr. per sq. ft. of wetted surface. The relation 
between Curves 2 and 6 depicts the suggested increase of about 2.2 times in 
the diameter of the relief area which the authors believe will eliminate failures 
due to overpressure during fire exposure. It may also be noted that the cal- 
culated relief diameters for gases are about one-half of those for volatile 
liquids at 15 lbs, per sq. in. gage working pressure. 

Figure VIII has been included to show how the relief area as calculated 
by formula (1) varies with pressure. 


LEGEND: ; | 

\- Fetterijs Formula, used by Association of American Railroads. | | 
(Corrected from ta nozzle to short tube). ———— 

2- Formula (1), d= . (Based on vaporizing of volatile Liquids). 

3- Formula A= HVjo £ (588 ube boilers, A.G.M.E. Power Code. —;——|_|- 

4- Formula (1), ba: on i tbtarietaiies of water. 

5- Formula d= (Based on the expansion of qas or vapors). 

6-N.F.RA. Flammable Liquids Ordinance cE 
(Grophiael Solution from Toble, Section 48A 
with allowance for exposed bottom). 
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PART THREE. 


Requirements for Relief of Atmospheric” Vessels. 


A considerable number of treatises, specifying the relief requirements for 
atmospheric storage tanks, have been available for many years. Various 
methods have been developed to establish the normal venting requirement, 
and at least three nationally known, reliable organizations” have agreed upon 
and proposed venting capacities necessary to limit internal pressure in the 
event of fire exposure. The fire records of the National Fire Protection Associa- 
tion clearly indicate the need and value of adequate emergency vent areas 
and emphasize the inadequacy of the usual normal relief capacity when a 
vessel is involved with intense fire. 

In this part a recent investigation of the normal requirement is set forth 
and compared with previous methods. By the procedure used in Part Two for 
pressure vessels, the emergency requirement is developed, compared, and 
discussed. 

The normal venting requirements were based upon 14 months’ continuous 
record of the breathing action of a 440,000-gal. finished gasoline storage tank. 


* Covers pressures not to exceed 1 in. water external and 0.50 Ib. per sq. in. gage internal 
pressure. 
* Refer to Figures X and XIII, pages 151 and 152. 
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TABLE Ill. 


Observed and Calculated Data on the Maximum Breathing Rates of a 10,000-barrel, 


Hail Storm 
April 8, 1940, 11:50 
a.m, to 12:10 p.m. 

Case 1 


73° to 54° F. in 
20 min. 


Conditions: 


Temperatures : 
Atmospheric 


103° to 62 F.° in 
20 min. 


Vapor contents 


98° to 70° F. in 
7 min. 


Maximum rate of change (vapor) 


52° to 56° F. in 
20 min. 


56.0° F. (esti- 
mated average) 


Liquid contents 


Final tank wall about vapor 


4300 cu. ft. per 
hr. when 1% oz. 
per sq. in. vac- 
uum seal blown 


10 ft. 75% in. 
(constant) 


Recorded vapor flow rate (Max.) 


Liquid level 


Volume 45,200cu. 
ft. Surface (S) 
5170 sq. ft. 


18,850 cu. ft. per 
hr. 


Vapor space quantities 


Rate of volume change (propor- 
tional to maximum abs. temp. 
rate as a gas) 


17,830 cu. ft. per 


Proposed breathing rate (based on 
hr. 


S/0.290 as derived. Pump rate 
to be added) 


Reid vapor pressure (Ib. per sq. 8.3 lbs. per sq. in. 
in. at 100° F.) 


Bright sun pre- 
ceding storm, 
cloudy there- 
after. 


Weather 


Maximum condi- 
tion (largest 
temperature 
drop in appre- 
ciable period 
found) used as 
basis of S/0.290. 


Remarks 


Sudden Showers 
July 29, 1940, 
3:40 p.m. 
Case 2 
104° to 74° F. in 

45 min. 


146° to 84° F. in 
1 hr. 


119° ta iit” B: 
in 2 min. 


80° to 82° F. in 
1 hr. 


2650 cu. ft. per 
hr., when seal 
blown 


19 ft. 0 in. (con- 
stant) 


Volume 28,800cu. 
ft. Surface (S) 
3860 sq. ft. 


12,000 cu. ft. per 
hr. 


13,300 cu. ft. per 
hr. 


8.3 lbs. per sq. in. 


Hot sun shining 
before and after 
heavy rain- 
storm. 


Sudden Showers 
May 31, 1940, 
2:05 p.m. 
Case 3 
78° to 65° F. in 

30 min. 


95° to 67° F. in 
30 min. 

92° to 74° F. in 
15 min. 


58° F. constant 


*4450 cu. ft. per 
hr. 


O ft. 9 in. (con- 
stant) 


Volume 64,600cu. 
ft. Surface (S) 
6720 sq. ft. 


*8400 cu. ft. per 
hr. 


23,200 cu. ft. per 
hr. 


5.6 lbs. per sq. in. 


Cloudy with in- 
termittent sun 
before shower; 
bright sun there- 
after. 
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Finished Gasoline Storage Tank when Exposed to Extreme Atmospheric Changes. 


Solar Heating 


39° to 74° F. in 
7 hrs. 


32° to 112° F. in 
6 hrs. 


48° to 82° F. in 
1 hr. (9 to 10 
a.m.) 


50° F. constant 


‘ 


*2800 cu. ft. per 
hr. 


1 ft. 636 in. (con- 
stant) 


Volume 63,100 cu. 
ft. Surface (S) 
6600 sq. ft. 


*4200 cu. ft. per 
hr. 


22,750 cu. ft. per 
hr. 


9.5 lbs. per sq. in. 


Clear and sunny 
all day. 


Emptying 
May 1, 1940— 


6%, hrs. 

Cees 
73° to 61° F. i 
30 min. 


78° to 62° F.i 
45 min. 


78° to 64° F. i 
30 min. 


55° to 57° F. i 
10 min. 


*4275 cu. ft. per 
hr. 


11 ft. 7% in. to 
3 ft. 10% in. in 
6% hrs. Avg. 
1.225 ft./hr. 


Volume 44,400cu. 
ft. Surface (S) 
5110 sq. ft. 


2200 contraction 
2400 liq. disch. 


*4600 cu. ft. per 
hr. 


17,600 cu. ft. per 
hr. 
9.5 lbs. per sq. in. 


Cloudy with in- 
termittent rain 
all day. 


Contraction was 
due to a sudden 
shower during 
first 30 min. 


Emptying 
April 19, 1940— 
5 hrs. 
Case 6 


58° to 57° F. in 
1 hr. 


60° to 58° F. in 
1 hr. 


As above 


55° F. constant 


*4050 cu. ft. per 


hr. 


29 ft. 5 in. to 17 
ft. 4 in. in 5 hrs. 


Avg. 2.42 ft. per 


hr. 


Liquid discharge 
rate *4750 cu. 
ft. per hr. 


8.7 Ibs. per sq. in. 


Light rain all 
day. 


Contraction due 
to temperature 
drop is small 
enough to be 
neglected. 


Filling 

Jan. 2, 1940— 
7 hrs. 
Case7 

28° F. constant 


56° F. constant 


None 


42° F. constant 


4220 cu. ft. per 
hr. 


1 ft. 9% in. to 4 

ft. 8% in. in 7 
hrs. Avg. 0.414 
ft. per hr. 


Liquid charging 
rate 813 cu. ft. 
per hr. 


11.3 lbs. per sq. 
in. 


Weak sun all day. 


Vaporization pro- 
moted by tur- 
bulence and con- 
tained air caused 
larger discharge. 


Filling 
Jan. 9, 1940— 


23 hrs. 
Case 8 
31° to 26°. F in 
5 hrs. 


33° to 32° F. in 
4 hrs. 


As above 


40° F. constant 


3930 cu. ft. per 
hr. 


3 ft. 6% in. to 12 
ft. 2% in. in 23 
hrs. Avg. 0.380 
ft. per hr. 


Liquid charging 
rate 740 cu. ft. 
hr. 


12.6 lbs. per sq. 
in. 


Blanket of snow 

on tank partly 
melted by a 
weak sun. 


Out breathing is 
again about five 
times greater 
than displace- 
ment. 


*Discrepancy between observed breathing rates and proportional rates of volume change is 
considered largely due to the pressure drop and lag in the 600 ft. long, 8-in. diameter vent line. (It 


is also possible that the liquid seal may have been 
maximum recorded vapor flows were corrected to 60° 


f 


materially larger than the corrected flows. 


ing partial relief.) Further, although the 
the maxima at flowing conditions were not 
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Rates of venting, specific gravities-of the vapors, vapor pressures, liquid levels, 
liquid temperatures, vapor temperatures, and atmospheric temperatures were 
measured and recorded. 

From the standpoint of emergency venting, atmospheric tanks (usually 
large) present a separate problem because of the very low safe working pres- 
sure (about 3 in. water internal), the relatively large vapor space, the lessened 
possibility of complete envelopment in flame, and the lengthened (time) 
exposure required to produce maximum vaporization. The effect of the low 
safe working pressure and the large vapor space is such as to result in calcu- 
lated relief areas which are impractical because of the unreasonably large 
sizes and because the maximum possible vapor flows will not be realized due 
principally to the large volumes of liquid involved. The lessened probability of 
complete envelopment in flame and the longer time required to produce vapor- 
ization are the basis of reasonable assumptions which result in more economical 
designs. 

Maximum normal breathing was found to be that due to thermal contrac- 
tion during a hailstorm. A temperature drop of 41° F. (average) in 20 minutes 
was observed within the tank vapor space. Some of the significant data 
obtained on breathing characteristics are illustrated by Figure XI and 
Table III. 

It was concluded that the maximum rate of normal breathing of an atmos- 
pheric (1 in. water external, 3-in. water internal pressure) storage tank is 


Q= S/0.290 + Emptying Rate (7); 


and that the diameter of the necessary free circular opening, in the form of a 
pipe connection, to pass this venting rate is 


d= V Q/921 (8) 


where Q and Emptying Rate are in cu. ft. of air per hr. at 68° F. and atmos- 
pheric pressure, S is the area of the tank roof and shell in sq. ft., and d is in 
inches. 

When the volatile, liquid contents of a vessel are absorbing heat at the 
rate of 20,000 B.t.u. per hr. per sq. ft. of wetted surface exposed, the required 
inside diameter of the relief connection to limit internal pressure (not to 
exceed 0.50 Ib. per sq. in. gage) to a specified maximum is 


J- 0.913 Sw 

d= . | ————— (9) 
PCP + 14.7) 

in which d is in inches, Sw is wetted surface in sq. ft., and P is pressure in lbs. 
per sq. in. gage. 
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For vessels exposed to fire in gas service only at pressures not to exceed 
0.50 Ib. per sq. in. gage, the necessary diameter of the relief connection is 
0.0407 S 
ding. tea (10) 
VP 


in which d is in inches, S is the surface of roof and shell exposed in sq. ft., and 
P is the relieving pressure in lbs. per sq. in. gage. 


The Theory and Method. 

The theory and method are described in Part Two. The physical condi- 
tions (pressure, temperature, and relative size) are merely different, necessitat- 
ing the use of a different orifice equation and a different value for the contents 
factor. For this range of pressure a single numerical value of the contents 
factor for liquids of 0.136 is satisfactory and simplifies computations. 

In the case of normal venting, the rate of contraction (rather than expan- 
sion), based on observed conditions, was equated to the relief capacity. The 
contained vapors, as before, were assumed to be gases, and a favorable com- 
parison resulted between measured breathing rates and those computed by the 
gas law. 

After determining the diameter of the relief area as outlined above, the 
relief capacity may be calculated by using the diameter in any one of the fol- 
lowing orifice equations as the case may require. The relief apparatus may 


then be chosen of a capacity, based on approved flow test, to pass this calcu- 
lated rate. 


W = 405 d? eee atl s per hr. of vapor. (11) 


Q = 156,000 d? ne cu. ft. per hr. at 68° F. of free vapor. (12) 


Q = 29,000 a /PO T4) cu. ft. per hr. at 68° F. of free air. (13) 
In these d is in inches, M is the molecular weight, T is the flowing temperature 
in degrees Fahrenheit absolute, and P is the relieving pressure in lbs. per sq. 
in. gage. For conditions of fire exposure, T is the normal boiling point of the 
liquid contents. For vessels in gas service, T is the temperature (absolute) at 
the relieving pressure; T may be computed by the gas law, T/P—T’/P’, when 
the initial temperature and pressure conditions and the safe relieving pressure 
are known. (These temperature figures are approximate, but are on the safe 
side.) - 
The Time Element. 

The time required for the liquid contents of a steel vessel when exposed 

to intense fire to reach the boiling point or a specified average temperature 
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may be estimated by applying the equation 

9 — VeCp(T—70) | 487t(T +20) 
ISw I 

in which ® is time in hours, V is volume of contents in cu. ft., p is density of 

contents in Ibs. per cu. ft., Cp is specific heat of contents, T is the specified 

temperature in degrees Fahrenheit, I is the heat absorption rate in B.t.u. per 

hr. per sq. ft., Sw is surface wetted by liquid contents and exposed to fire in 

sq. ft., and t is thickness of tank wall in inches. 

The time required for the liquid contents to absorb heat at any given rate 
is principally a function of the tank diameter. To illustrate this and the 
approximate time required for contents to reach 100° F. at the observed heat 
rate, Figure 14 is shown. The tanks were assumed to be nominally full and of 
dimensions conforming to many tanks being used at this time. Calculations 
were made employing properties of compounds having a contents factor value 
of 0.136, as shown on the graph. Products having such properties are about 
as volatile as any stored at atmospheric pressure. Under the assumed condi- 
tion, a minimum time element and maximum venting rate may be expected. 

The time required for an empty steel tank to reach 1100° F. in a fire of 
intensity I would be approximately 


(14) 


5114t 


o= os1 7 0.320 t for 20,000 B.t.u. input rate (15) 


in which the terms are as above. 
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Modification of Calculated Relief Areas. 


For clarity it is necessary to refer to Figure XIII following. 


It was seen in Figure XIV that the volatile contents of a 15 ft. diameter 
tank (20,000 gals.) may reach 100° F. in a matter of ten minutes after being 
surrounded by intense fire. For this reason, the emergency venting capacities 
should be compatible with the observed rate (20,000 B.t.u.) of heat absorption 
for all tanks from the smallest through at least 15 ft. in diameter. For tanks 
above this diameter at these low pressures, the calculated relief areas become 
rapidly unreasonably large in accordance with Curves 1 and 2 on Figure XIII, 
but the likelihood of complete envelopment in flame becomes less and the time 
required to heat the contents becomes longer. With these considérations in 
mind, the suggested vent size, shown by Curve 3, Figure XIII, has been made 
to approach the 6000 B.t.u. rate at tank capacities of 100,000 gals. and larger. 
Curve 4, based on the 6000 B.t.u. rate, has then been gradually flattened to a 
maximum of 24 in. diameter relief size at 300,000 gals. capacity. The sug- 
gested vent size, Curve 3, then incorporates a rate of heat absorption of 5000 
B.t.u. at 300,000 gals. capacity, which gradually reduces to 2300 B.t.u. per 
hr. per sq. ft. at 1,000,000 gals. capacity. For large tanks, the proposed vent 
size amounts to an increase in diameter of from 20.5 to 24 in. 


-* Formula (7), d=-/22650H, based on volatile contents absorbing 
heat at 20,000 BTU. per sq.ft. per hr. of wetted surface exposed. 
2-+ Formula (5), d= at P of 050 Ib per sq in. at 50 qal.capaci 


ity and proportionaliy decreased to 3 oz.per sq. in.qauge at 7,000 
qallons capacity. 

Suqqested sizes for emergency vents. Includes normal relief 
areas shown by curve 7. See summary table following. 

© Formula (7) modified by one-third the observed heat rate and 
qradually reduced to a maximum of 24 in. d at 300,000 gallons. 
(See Modification of Calculated Relief Areas). 








Bod 
(5-4 Formula (8), d= RaerS, at P of 3in. of water and based on qas 


expansion from 1100°F heated steel enclosing qas and qradu- 
| ally reduced to a maximum of 24in.d at about 65,000 ew. ff. 
3 aang ——-—}+—_;+—_ 6 National Board of Fire Underwriters Standard No. 30, page 38. 
| | | National Fire Protection Association Handbook, page 108. 
American Petroleum Institute Tentative Standard, Jon. i9,1940. 
All based on a 6000 S&T.U. per hr. per sq. ft. heat absorption rate. 
, the normal venting requirement based on 
hail storm contraction of vapor. 
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COMPARISON OF ‘THE REQUIRED DIAMETER OF RELIEF 
ONNECTION FOR ATMOSPHERIC (lin. water external, 3in. wat 
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400 500 600 
NOMINAL CAPACITY IN THOUSANDS OF GALLONS 


SUGGESTED VENTING FOR ATMOSPHERIC STORAGE TANKS. 


Minimum Capacity (cu. 
ft. air per hr. at 60° F. 
and atmos. pressure) 


Relief Size © Normal at Emergency 
(1.P. Size) 1 in. water (at 3-in. 
Tank Capacity (Gallons) Normal Emergency press.) water press.) 

2-in. vent 6,150 

3-in. vent 13,400 

4-in. vent 24,600 

6-in. vent 55,400 

1%4-in. vent 8-in. cover 98,500 

. vent 10-in. cover 153,800 

in. vent 12-in. cover 221,500 

10,000 to 20,000 3-in. vent 16-in. cover 394,000 

20,000 to 50,000 in. vent 20-in. cover 615,500 
50,000 to 100,000 in. vent 20-in. cover 
100,000 to 150,000 . vent 22-in. coverd 
150,000 to 200,000 1 4-in.,1 3-in. vents 22-in. coverd 
200,000 to 400,000 1 4-in.,1 3-in. vents? 24-in. cover 
6-in. vent 24-in. cover 
800,000 to 1,100,000... 1 6-in.,1 3-in. vents 24-in. cover 
1,100,000 to 1,300,000.. 1 6-in.,1 4-in. ventsb 24-in. cover 
1,300,000 to 1,800,000.. 8-in. vent 24-in. cover 
1,800,000 -to 2,000,000.. 2 6-in. vents 24-in. cover 


. " Although one 6-in. may be cheaper, the two units have the advantage of multipl 
devices. 


b Although one 8-in. may be cheaper, the two units have the advantage of multiple 
devices. 


¢ To be used for selection of the normal relief devices. This capacity is included in that 
for the emergency requirement. 


4 This is not a standard pipe size. 
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Conclusion, Part Three. 

In order that the proposed vent sizes (page 152) may be compared with 
existing knowledge, Figures X and XIII are shown (pages 151, 152). It is 
interesting to note that a contained gas or vapor at these low pressures will 
expand when in relatively large proportions, as in empty atmospheric tanks, 
and when exposed to tank walls heated at 1100° F. by external fire, at a calcu- 
lated rate nearly equivalent to the vaporization rate of volatiles as denoted by 
the relation between Curves 4 and 5 on Figure XIII. 

Study of these figures, practical experience with present-day venting 
apparatus, and consideration for economy led to the venting requirements 
listed in the table following. 


Flammability of Vapor-Air Mixtures in Tank. 

Although not directly related to the subject, the data collected on the 
flammability of the vapor-air mixture in the 440,000-gal. gasoline tank were 
of interest. 

For the most part (except for three months) the combustible-gas recorder 
operated in connection with the vent header at a point near its outlet. Flam- 
mable mixtures were present there at frequent intervals in an irregular pattern 
which was no doubt due to the lag in, and large volume of, the 600 ft. long 
header. During June, July and August, 1940, the combustible-vapor recorder 
operated directly in connection with the tank. It was found that explosive 
mixtures were present less frequently but for longer periods, ranging up to 
30 hours. In all, the tank vapors were within the flammable range 5 per cent 
of the time, and “too rich to burn” 95 per cent of the time. The vapor-air 
mixtures when combustible were never at the lower limit, the gasoline content 
ranging from 2 to 53 per cent by volume, as based on laboratory analyses. 
Flammable limits of gasoline vapor-air mixtures are about 1 to 64 per cent 
by volume. 

In the recorded periods (seven in number) when the vapors within the 
tank were flammable, in every case (except one of 45 min. on June 17) the 
combustible mixture was produced by a combination of emptying and falling 
temperature. The exception was caused by a momentary in-breathing when a 
shower occurred while the vapors were warm (between 9 and 10 a.m.). 

The use of flash arresters or inert-gas systems with atmospheric storage 
tanks containing volatile flammable liquids appears warranted by these 
observations. 
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Three Defense Plant Fires. 
By J. T. W. Babcock, 


Factory Insurance Association (Member N.F.P.A.), 
Western Regional Office. 

Three interesting fires which have occurred in middlewestern defense 
plants during the past summer involve an aggregate loss of over one million 
dollars and serious interruptions to production of essential war materials. 
While occurring in widely separated localities in entirely different manufactur- 
ing occupancies, they were all similar in certain phases and present most im- 
portant lessons which, if observed elsewhere, should have a most important 
influence on maintaining the continuity of production in war plants. 

The three plants in Marysville, Michigan; Memphis, Tennessee; and 
Wyandotte, Michigan, were all owned by the Defense Plant Corporation, a 
U. S. Government agency, and operated by private companies on war produc- 
tion contracts. The operators in each case appreciated the importance of fire 
safety and endeavored to take appropriate measures to prevent interruption of 
production by fire or explosion. Government restrictions, however, prevented 
in two cases the installation of automatic sprinklers which had been recom- 
mended to protect the plants, and in the third case dictated the use of com- 
bustible construction for a building which should clearly have been of non- 
combustible construction according to recognized standards of fire safety. The 
neglect of fire protection in the design and construction of these plants has 
resulted in interference with the war effort through delays in production 
which outweigh many times the relatively small savings in critical material 
that were secured by the rejection of the original well-considered plans for 
fire protection. 


Cottonseed Hull-Bran Storage, Memphis. 

Fire on July 3, involving two of a group of buildings for the storage of 
cottonseed hull-bran used in furfural manufacturing, caused a loss estimated 
at $300,000. The plant, constructed by the Defense Plant Corporation and 
operated by the Q. O. Chemical Company, had recently been constructed for 
the manufacture of furfural, an important product used in the manufacture of 
synthetic rubber. The storage buildings were large-area structures of wooden 
construction and lacked complete automatic sprinkler protection and various 
safeguards which had been proposed in the original design but which had been 
omitted because of government restrictions. 

Two large storage buildings of wooden arch roof construction, 214 feet 
long, 100 feet wide and 43 feet at the top of the arch, were attached together 
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by an overhead conveyor bridge. In the interest of economy of materials a 
movable belt conveyor was installed running lengthwise of the two buildings, 
arranged so that it could be moved from building to building and reversed in 
direction so as to distribute material to any part of either storage building. 

Complete automatic sprinkler protection had originally been recom- 
mended. After long delays in securing approval, a partial sprinkler system was 
finally approved for the protection of the immediate area of the conveyors. 
These sprinklers were being installed at the time of the fire. 

Lighting was provided by explosion-proof fixtures listed by Underwriters’ 
Laboratories for use in Class 2, Group G locations. However, 500-watt bulbs 
were installed and accumulation of dust on the globe is considered a probable 
cause of the fire, although there is no evidence to indicate its exact origin. The 
use of these fixtures in a manner contrary to their intended use as regards size 
of bulbs and accumulation of dust had been cause for some concern prior to 
the fire, and it was said that orders had been given to replace the 500-watt 
bulbs with 300-watt bulbs, but that the change had not been made. 

The fire started with a puff or dust explosion of relatively low intensity. 
This spread fire throughout the area and the two buildings, in which some 
11,000 tons of the bran had been stored, were soon completely involved as the 
fire flashed through the conveyor enclosure connecting the two buildings. 

The Memphis Fire Department, about two miles distant, responded 


promptly and with the use of plant water supplies controlled the fire and pre- 
vented its spread to other units. 


Magnesium Plant, Marysville, Mich. 

A large new chemical plant, erected by the Defense Plant Corporation for 
the manufacture of magnesium, was rapidly nearing completion, and manufac- 
turing units were being placed in operation when, on July 13 at 2 a.M., fire 
started in one of the units and caused a loss of $325,000. 

The plant, manufacturing magnesium by an electrolytic process, was 
operated by the Dow Magnesium Corporation, a company experienced in this 
field and well acquainted with the appropriate safeguards. The buildings 
involved in this fire employed extensive wooden construction in areas where, in 
normal times, steel would have been used. The wood was impregnated with 
asphalt and creosote to retard deterioration from fumes. 

The fire occurred when the process in one of the units reacted violently 
and hot molten material came in contact with asphalt-coated woodwork. The 
extent of this fire may be directly attributed to the improper construction allo- 
cated by governmental authorities under the program of conservation of 
critical materials. The hazard of fighting fires in occupancies handling molten 
magnesium makes it imperative that this occupancy be located in buildings of 
non-combustible construction. 
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Although the alarm was given at once and the fire department called, the 
fire spread rapidly. The plant fire department, together with firemen from 
Marysville and Port Huron, used hose streams and eventually brought the fire 
under control. It is important to note that none of the pure pig magnesium 
which was located on the floor was in any manner damaged by the fire. 


Bleaching Powder Plant, Wyandotte, Mich. ° 

The plant of the Pennsylvania Salt Manufacturing Company, Wyandotte, 
Mich., had recently undertaken the production of bleaching powder for the 
government, utilizing large rotary kilns owned by the Defense Plant Corpora- 
tion. Fire on August 7 caused practically a total loss of the building housing 
these kilns with damage estimated at $375,000 or more. 

The building was a two-story structure with brick walls and wooden 
joisted floors and roof. The operating company, familiar with the hazard of 
operating such hot process equipment in a building of wooden construction, 
had applied for authority to install automatic sprinklers, but the application 
was rejected. 

The exact cause of the fire is not known, but may have been due to an 
oxyacetylene welding operation which had been finished at 6:30 P.m.; the fire 
was discovered. by employees working in adjacent buildings about three hours 
later. The Wyandotte Fire Department was called and, together with the 


plant fire brigade, used ten hose streams, which were successful only in pre- 
venting the fire from spreading to other buildings. 
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Soybean Plant Fire Record. 


By Warren Y. Kimball, 
N.F.P.A. Engineer. 

During the past few years soybeans have become increasingly popular as 
a source of both human and animal food, fertilizer, vegetable oil and other 
products. With the wartime shortage of meat foods for human consumption, 
the United States Department of Agriculture and other agencies are encourag- 
ing an extensive increase in the production of food products derived from soy- 
beans, because this crop is rich in protein content. Very recently a large 
bakery concern has announced that all of its white bread will henceforth con- 
tain added soybean flour to help combat protein deficiency in the average diet. 

From a somewhat limited experience with soybean processing plants and 
their products as a fire hazard, it is clearly evident that many serious fires may 
be expected unless the hazards are recognized and adequately guarded against. 
Briefly, it may be stated that a study of the following typical fires taken from 
the files of the N.F.P.A. Department of Fire Record, shows that soybeans and 
their products are easily ignited, and present fires that are difficult and trouble- 
some to handle. A large proportion of these fires involved soybean oil extrac- 
tion plants. Soybean oil has a flash point of about 540° F. It is decidedly 
subject to spontaneous ignition. The soybean meal cake left after the oil is 
extracted is very troublesome once ignited. Fire reports tell of the formation 
of hot clinkers that could not readily be extinguished by any normal means. 
It is indicated that pouring water on such fires may result in violent steam 
explosions. 

Much of the soybean oil extracting machinery and processes are some- 
what complicated and are subject to numerous fire hazards. Several of the 
earlier fires reported in this record were the result of explosions of escaping 
hexane vapors in plants where the soybean oil was obtained by a solvent 
process. Most of the more recent fires in soybean oil mills involved the 
so-called expeller process by which soybeans are crushed or ground in mills, 
are heated usually by steam-heated equipment, pass through extractors, and 
then pass through coolers. Several of the fires were due to improper arrange- 
ment or operation of processes involving the heating of soybeans in process of 
having oil extracted. Spontaneous ignition and dust explosions each caused 
at least one important fire in this comparatively brief record. 

A considerable proportion of the reports included emphasized that the 
plants involved had not been constructed for use as soybean processing or 
extraction, but had been converted to such use without much consideration 
having been given to the increased fire hazards involved. Few, if any, of the 
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Wreckage of the Glidden soybean plant after the explosion on October 7, 1935, 
in which eleven men were killed and forty-five injured. 


plants had any adequate first aid fire protection, and most lacked sprinkler 
protection. In one case the sprinkler equipment in the original plant had not 
been extended to cover the soybean processing areas. In a number of cases 
the plants were located in sections where public protection was either lacking 
or was seriously deficient. A study of the fires in this record leads to the con- 
clusion that standard sprinkler protection backed by adequate water supplies 
would do much to safeguard this industry. Greater attention should also be 
given to proper cut-offs by means of standard fire walls and fire doors. A large 
proportion of the fires extended to involve all sections of the plant because of 
sub-standard fire divisions. 


October 7, 1935, Chicago, Illinois. Soybean Processing Plant. 


An explosion which caused the death of 11 men and injured 45 others 
occurred at the Glidden Soya Products, Inc., processing plant operated for the 
production of soybean oil, meal, protein and lecithin. The plant, which had a 

capacity of about 4000 bushels of beans a day, was almost totally destroyed 
with a loss of approximately $600,000. 

The property consisted of several new buildings and old buildings which 
had been recently remodeled. Reports indicate that all structures were well 
maintained and in good condition. Prior to the explosion the extraction unit 
had been shut down for about a month, awaiting a new crop of beans. This 
time had been used in making repairs and improvements. 

Principal buildings in the section affected by the explosion were the 
elevator, bean preparation building, extraction building, lecithin building, 
protein building, tank building, and the warehouse. 
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The southwest corner of the Glidden Company soybean plant in Chicago as it 
appeared from the top of the elevator tanks following the explosion. 


The elevator, a modern concrete and steel storage plant, similar to a wheat 
or corn-handling plant, consisted of a workhouse and four large cylindrical 
tanks 100 feet high. Other buildings were of 4- to 6-story brick and steel con- 
struction, except that the tank building was open for its full height of 50 feet. 
Floors as well as fire walls between the buildings were pierced by a few open- 
ings where equipment extended through the wall or floor. Most wall openings 
were protected by fire doors. 


Description of Process. 

At the elevator, beans were unloaded from cars and stored or elevated to 
the top of the house for transfer to the processing part of the plant. From the 
elevator the beans passed through an 8-in. pipe by gravity to the top floor of 
the bean preparation building. Here they passed over separators, through 
scales and up an elevator leg into a tank over a cracking roll, which cracked 
the beans into 3 or 4 pieces. From the cracking roll the stock passed through 
a drier or temperer to the flaking roll. The flakes, 34 in. to 34 in. in diameter, 
fell to a belt conveyor, which carried them to a second elevator leg. From the 
top of this leg the stock flowed through a spout which passed through the brick 
wall into the extraction room, where a belt conveyor carried it to the top of the 
extraction tower. This tower, a U-shaped apparatus, was about 28 ft. high, 
with tubes 39 in. in diameter. Screw conveyors with perforated flights operated 
downward on the entrance side across the bottom and upward on the discharge 
side. Hexane was pumped to the intake side of the tower, and the oil and 
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hexane mixture was drawn off and piped to the distilling column, where the 
hexane was recovered and put back into the process. 

The extracted flakes from the discharge side of the extraction tower passed 
through a spout to the drier, a series of steam-heated drums through which the 
material was carried back and forth and finally discharged into a screw con- 
veyor on the first floor. This conveyor, set at an incline, carried the stock to 
the cooler, and the discharge from the cooler passed through the wall into the 
bean preparation building. Here it was elevated and dropped into an air 
stream, which carried it through an overhead pipe line to the bagging or ware- 
house section at the northwest corner of the plant, where it was caught in a 
cyclone and discharged to a packing bin. 

In the lecithin plant, oil separated from the hexane at the distilling tower 
was processed to obtain lecithin, a product used in candy and chocolate coat- 
ings. The oil is used as an edible product and also in the manufacture of paints. 

In the newly remodeled end of the plant, known as the protein building, 
the extracted flakes, received either directly through a roof conveyor from the 
bean preparation building or in sacks after being bagged at the warehouse, 
were treated to produce protein in a powdered form similar to casein. In the 
process, batches of flakes or meal were mixed with warm water in slurry tanks 
in the south end of the protein building and then pumped into one of the south 
six tanks in the tank building. In these tanks the material was treated and 
agitated and pumped back into the protein building, where the liquid was 
drained off and the residue dried. When discharged from the drier it was 
elevated and dropped into the meal bin on the fourth floor, where it was bagged 
for shipment as meal. 

The liquor from the above process was pumped to filter presses on the 
sixth floor, and the press cake from these presses was fed into a drier at the 
north end of the protein building. After being dried in the oil burner heated 
columns of the drier, the product was screened and packed for shipment. 


Story of the Explosion. 

The new crop had just become available and the extraction unit had 
started operating again on the morning that the explosion occurred. About 
three hours after the plant started, employees detected an odor of gas. One of 
the foremen in the protein department was on his way to report this to the 
manager when the explosion occurred. 

From evidence assembled by Dr. David J. Price of the U. S. Department 
of Agriculture (President of the N.F.P.A.) and Hylton R. Brown, at that time 
also in the Department of Agriculture and now with the U. S. Bureau of Mines, 
it is believed that gas from the extraction building passed into the tank build- 
ing at or near the top of the fire wall separating the two units, or possibly 
through the pipe carrying condenser water into the tank building. Due to cool 
weather, windows were closed and there was little or no ventilation in the 
tank building. Probably a large pocket of gas accumulated at that point. The 
gas could have been ignited when the flash occurred at the flaking roll. In 
fact it is quite likely that the burns received by an employee at-the flaking 
roll were received in a mild or minor dust explosion at that point. This flash, 
passing through the doorway between the bean preparation building and the 
tank building, could have been the source of ignition for the main explosion. 
It is also possible that gas was present in the bean preparation building as 
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Soybean extraction unit at Momence, Illinois. No original drawings were 
available and this sketch is based upon evidence obtained after the explosion. 


well as in the tank building, and that the motor circuit breaker opening or a 
flash at the roll provided a direct ignition for the gas and air mixture. 
(See N.F.P.A. QUARTERLY for January, 1936, page 233.) 


October 22, 1935, Momence, Illinois. Rural Soybean Oil Plant. 


An explosion in the soybean oil extraction unit of this plant killed the 
owner, Varnum Parish, Jr., and his assistant, and injured two other persons. 
The unit was one of the first installations of this type on a rural community 
basis in Illinois. The blast occurred about six hours after the plant had started 
its initial operation. 

After graduation from a university in the Middle West during June of 
1935, Varnum Parish, Jr., had devoted his attention to the possibility of 
installing a unit for extraction of oil from soybeans and the production of 
soybean meal for cattle feed. The equipment was made in a local iron works 
in a near-by town and was installed in a building formerly used as a chicken 
hatchery. Dr. David J. Price of the U. S. Department of Agriculture reported 
that as near as could be determined from an examination of the wrecked equip- 
ment, the process was carried out as follows: 

The soybeans were dropped from a hopper on the floor above into a 
vertical pipe in which a small grinding mill was installed. This mill, operated 
by a belt drive, crushed the beans into meal. The ground product dropped into 
a pipe about 18 inches in diameter, inclined upward at about 10 to 15 degrees 
from horizontal, in which a spiral conveyor was installed. 

The solvent, a commercial form of hexane, was drawn from a 55-gallon 
drum on the second floor and pumped into the extraction unit above. The 
hexane solvent entered the pipe, came in contact with the soybean meal as it 
was carried up by spiral conveyor, and extracted the oil. The oil was carried 
off to receiving tanks and the solvent recovered. The oil-free meal dropped 
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Wreckage of the soybean extraction unit, Momence, Illinois, after the explo- 
sion on October 22, 1935, in which two men were killed and two were injured. 


into another pipe set at about the same angle and located directly underneath 
the extraction pipe. In this pipe, which was steam-jacketed, the residual 
solvent was driven off as the meal passed through. The meal was discharged 
into a container. The steam for the soybean meal drier and other purposes was 
supplied by a tractor engine boiler installed in an adjoining room. 


Story of the Explosion. 

The explosion occurred about an hour after the afternoon run was started. 
A short time before a local man arrived to observe the operation of the plant. 
He called the operators’ attention to the odor of gas. About ten minutes later 
the explosion took place. This observer was standing near the end of the unit 
near the boiler room door, and was blown out through a near-by door, receiv- 
ing burns. He saw the fire flash from the firebox in the boiler room and heard 
a second explosion, which blew both operators out of a door at the other end 
of the building. 

From investigation, it appears evident that hexane vapors were escaping 
from the extraction unit. The heavy vapors settling in the extraction room 
passed through the open door to the boiler room, where they ignited at the 
firebox and flashed back into the extraction room, where the so-called second 
explosion occurred, -(See N.F.P.A. QUARTERLY for January, 1936, page 240.) 


January 22, 1937, Des Moines, lowa. Soybean Meal Storage Tank. 

A fire, believed due to spontaneous ignition, caused a large loss of soy- 
bean meal cake stored in an outside vertical steel tank at a plant of the 
Spencer-Kellogg and Sons, Inc. The fire continued for a number of days, and 





SOYBEAN PLANT FIRE RECORD. 163 


on March 12 an explosion wrecked the top of the tank and badly damaged the 
roof of an adjoining tank. Complete extinguishment and removal of contents 
was not completed until March 27, or more than two months after the start of 
the fire. 

Approximately 300 tons of meal cake was reported to have been in the 
tank when the fire was discovered. About one-third of this amount was with- 
drawn and ground for feed or fertilizer prior to February 2nd, when further 
withdrawal was considered unsafe and an attempt was made to smother the 
fire and cool the contents by using carbon dioxide ice. This was continued 
until February 23rd, when it was stopped because the owners did not think the 
carbon dioxide was effective. Meanwhile fire developed in a pile of several tons 
of cake in an adjoining tank. This fire was not extinguished until February 
22nd. The operations to control the second fire affected the original fire 
adversely. 

Following February 23rd, several attempts were made to withdraw con- 
tents of the tank through holes cut in the sides without attempting to extin- 
guish the fire. Finally, on the afternoon of March 12th, three severe explosions 
occurred inside the tank at about two-hour intervals. The last one wrecked 
the top of the tank and water could then be used freely on the burning con- 
tents. Removal of the contents was difficult, but the work was completed on 
March 27th. 

The tank involved, known as No. 4, was one of a group of four vertical 
steel tanks built directly on the ground. Contents are normally removed 
through holes in the flat bottoms to conveyor tunnels which lead to the base- 
ment of the mill building. The space between the tanks was enclosed with steel 
plates to form a fifth storage tank. The four main tanks were 25 feet in diam- 
eter, 60 feet high, with conical metal tops. Each tank had two vent pipes and 
two tightly fitted metal covers. 

Tank No. 4 was filled to about 10 feet from the top when smoke was first 
noticed. All of the cake had been made recently, after a new continuous process 
oil expeller system had been put into service. The cracked beans were heated 
in a steam drier before the oil was expelled. The cake reached the top of the 
storage tank at about 160° F., and the moisture content was less than three 
per cent. The cake was later ground and sacked for feed. 

The experience from this fire indicates the great care needed to prevent 
spontaneous ignition of soybean meal cake produced by this process. The high 
temperature of the cake when the tank was filled probably contributed to the 
start of the fire. Smaller units of storage and tank construction to permit rapid 
dumping of contents seem to offer the most practical method of quickly con- 
trolling a fire in this material. Most of the difficulties encountered during this 
fire resulted from attempts to remove the contents through openings that were 
too small for rapid removal of contents but that were large enough to admit 
large volumes of air. It is fortunate that the tank was of steel construction 
and was not inside the building. 

- The usual methods of extinguishing fire are said to be of little value when 
active fire develops in this soybean cake. Water does not penetrate more than 
a few inches below the surface. In this fire, smoke continued to rise when the 
pile was almost submerged. The use of spray was ineffectual and the added 
moisture may have been harmful. The dense pasty clinker which formed from 
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the burning meal could scarcely be broken up. Because of the strong draft, 
intense fire developed when burning clinker became lodged at a tank opening. 
The use of water for flooding such a fire is not advisable, because the material 
swells into a doughy mass when wet and violent steam explosions are caused 
by water trickling into fire pockets. It is believed that the contents of the tank 
might have been saved had the first attempt to use carbon dioxide gas been 
continued without trying to remove any of the contents. A tight tank is 
essential to any rapid headway in smothering such a fire and the carbon 
dioxide escaped as the tank was being emptied. 


May 15, 1939, Toledo, Ohio. Soybean Oil Extraction Plant. 


This plant, occupied by the Archer-Daniels-Midland Company, had re- 
cently been remodeled for the installation of new machinery to extract soybean 
oil by the expeller method. Construction changes included the erection of two 
frame iron-clad roof houses, 1 equals 3 and 1 equals 4 stories in height. These 
were 17 by 45 and 17 by 50 feet in size. Sprinklers had not been installed in 
the roof houses as the work was to be done by plant mechanics when con- 
venient. 

The fire originated in a metal stack from driers which evidently had been 
coated with residue which ignited spontaneously. Sparks from the burning 
stack set fire to the unsprinklered roof areas, which were destroyed. Only 
slight damage was done to areas under sprinkler protection. Approximately 
3000 bushels of soybeans were damaged, together with 1000 gallons of oil. 
The loss was $20,000. 


August 24, 1939, Buffalo, N. Y. Soybean Cake Cooler. 


Fire was discovered in the second floor of Mill Building A-3, in the 
Spencer-Kellogg and Sons, Inc., soybean cake cooler room and vent stack. The 
blaze was discovered by employees at 1.50 a.m. While the cause was not 
definitely established, it may have been due to some loose abrasive material 
being churned around in the mechanical cooler; or it may have been due to 
spontaneous heating of the soybean cake or dust which comes from the cooler 
at 215 to 230° F. 

The fire was held in check by four sprinklers, but was mainly in the vent 
stack, the cooler, the conveyor and the hopper leading from the cooler to the 
automatic scale. The loss was estimated at $500 by the fire department. 

The soybeans are crushed or ground in mills on the first floor of the plant. 
Then they are heated in steam heaters on the second floor to perhaps 240° F. 
and before passing through the screw extraciors are again heated to about 
260° F. After extraction, the chips of cake about as large as bent silver dollars 
reach the mechanical cooler. From the cooler the cake passes at about 150° F. 
to a hopper on the floor above, and then through a mechanical scale on its way 
to the outside storage bin, which it reaches at a temperature of about 130° F. 
The fire occurred in the 20-inch natural draft vent pipe from the cooler, and 
also involved the cooler. It also reached the hopper and automatic scale, but 
no charred material reached the storage bins. 


October 19, 1939, Fort Dodge, lowa. Soybean Oil Mill. 


Fire of undetermined origin caused total destruction of the soybean oil 
extraction plant and warehouse of the Plymouth Processing Mills with a loss 
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of approximately $140,000. The plant had been engaged in soybean oil extrac- 
tion by the expeller process since May, 1936. The one-half story mill building 
of ordinary construction was formerly used for brick and tile manufacture. 
The owners had converted the plant for soybean oil extraction by the installa- 
tion of steam-heated oil expelling machinery. The equipment included a 
working bin of wooden construction with a capacity for 10,000 bushels of 
beans. The mill section communicated with the 314-story warehouse section 
of ordinary construction, which was 250 feet long by 80 feet wide. There were 
unprotected conveyor and chute openings in the brick wall between these 
buildings. Door openings were protected by non-standard metal-clad doors 

Employees discovered the fire at 3:24 p.m. It is believed that sparks from 
a brush fire outside the building had blown to a monitor on the roof of the 
warehouse. An accumulation of dust caused the fire to spread rapidly. Drop- 
ping embers ignited 70,000 bushels of soybeans in the storage bin. Employees 
connected all of the standpipe hose in the building into one line, but the height 
of the roof and poor city water pressure in the vicinity made the stream ineffec- 
tive. The fire department upon arrival pumped into the standpipe system, but 
embers had already ignited beans in the bin beneath the slatted floor. Fire 
spread rapidly across the surface of the beans, making dense smoke. A fire 
captain was burned in making his escape from the fast spreading fire. Inade- 
quate water supplies made it impossible to check the spread of the fire to 
adjoining sections of the plant. 


January 2, 1940, Marion, Ohio. Soybean Cake Storage. 


A fire of uncertain origin started in a soya cake bin on the second floor of 
the soybean oil plant of Old Fort Mills, Inc. It is thought that some hot metal 
or soya cake from the welding of a screw conveyor in the basement may have 
been elevated to the bin and after smouldering for hours burst into flame. 
There is also a slight possibility that a spark from the boiler stack may have 
ignited dust on the bin ventilator, causing sparks to drop into the bin. 

This non-sprinklered plant was of moderate size and employed about 10 
hands on each of the three shifts daily. About 2500 bushels of soybeans were 
processed per day, producing 2000 gallons of oil and 50 tons of mixed feed. 
The soybean storage capacity had been recently increased to 650,000 bushels 
by the addition of eight reinforced concrete storage bins. The mill building 
was of steel construction with wooden floors and part wooden roof. The 
elevator and storage tanks were of fire-resistive construction. 

On the day before the fire, trouble had been experienced with an all- 
metal screw conveyor in the basement. This conveyor led through the soya 
cake cooler to an all-steel elevator leg which brought the cake to a combustible 
bin on the second floor of the mill. 

The expeller operator on his rounds discovered the fire about 4 a.m. It 
was already beyond the control of chemical extinguishers. The city fire depart- 
ment reports that there was a 16-minute delay in giving them the alarm, but 
with the use of four hose streams they were able to confine the fire to the 
second floor and roof. The fire department reported the loss at $46,900. 


February 14, 1940, near Springfield, Illinois. Soybean Oil Mill. 
This soybean oil mill, operating under the mechanical extraction process, 
was destroyed by fire with a loss of approximately $120,000. The buildings 
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were outside of the city and three miles from a fire station. They were owned 
by the Springfield Stock Yards Company. The plant, designed as a corn mill 
and elevator, had been rebuilt in 1932 after a severe fire in 1928. It was 
occupied as a feed store, feed mill and elevator. Section 1 was of brick con- 
struction and Section 2 was of incombustible construction. 

The fire started in a bean drier or in its ventilating stack on the second 
floor of Section 1, where metal vent stacks passed through combustible floors 
without sufficient clearance. It is possible that the fire would have been con- 
fined to the drier if the clearance had been sufficient. When the Springfield 
fire department arrived the fire had considerable headway, and the one weak 
stream that could be obtained from a 6-inch dead-end main near by proved 
entirely inadequate. 


October 22, 1942, Oakville, Indiana. Farmers’ Elevator Company. 


Fire destroyed this country grain elevator and feed mill of frame iron- 
clad construction. Volunteer fire departments could do little more than pro- 
tect exposures due to the shortage of water. A steel tank containing soybeans 
located 5 feet from the elevator suffered 10 per cent damage to its contents. 
The total loss from the fire was $46,000, of which $26,000 was damage to stock. 


November 28, 1942, Danville, Illinois. Rural Feed and Soybean Plant. 


This property, operated by the Hendricks County Farm Bureau, consisted 
of a feed mill of frame iron-clad construction, three stories in height and a 
one-story brick soybean processing plant adjoining but not cut off. The fire 
was discovered at 1:25 a.m. on the unused third floor of the feed mill. Due 


to the headway of the fire, which was spread by explosions of barrels of soy- 
bean oil, the volunteer fire department devoted most of its efforts to a success- 
ful attempt to save a grain elevator twenty feet distant. The loss was $30,460. 


March 31, 1943, Cairo, Illinois. Vegetable Oil Mill. 


Fire originated about 4:40 A.M. in a cotton seed storage area of the Cairo 
Meal and Cake Company’s plant. This plant included a soybean oil mill. The 
cause is unknown. Automatic sprinklers, on an obsolete sprinkler system, 
operated, but were unable to control the fire due to its rapid spread through the 
old wooden building, which had a high ceiling covered with lint. There are also 
indications that the fire pump was not in automatic service at the time of the 
fire. The loss has been estimated at $1,653,000, including damage to a large 
stock of wool in one of the warehouse structures. (See N.F.P.A. QUARTERLY 
for July, 1943, page 65.) 


July 30, 1943, Chicago, Ill. Soybean Oil Plant and Elevator. 


A dust explosion, believed to be the first on record in a soybean oil plant 
using the expeller process, wrecked the processing and oil extraction building 
and caused a fire that subsequently broke out in the storage house containing 
40 grain storage bins. Three workmen were seriously injured by falling brick 
walls blown out by the initial explosion. The loss has been estimated at 
between $400,000 and $600,000. The plant was operated by the Norris Grain 
Company. 

Description of Property. 

This plant was a terminal grain elevator group consisting of a 60,000- 

bushel brick incombustible cleaning and storage elevator 162 feet in height, 
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with a 360,000 bushel frame cribbed grain tank annex. This building was of 
steel wall construction with grain tanks 100 feet high. An adjoining one-story 
and basement brick building was used as a soybean oil expressing plant. The 
basement of this building contained the boiler room, millwright shop, locker 
rooms, and office. The first floor was of 3-inch boards on unprotected steel. 
This floor contained the steam soybean cookers, hydraulic oil extracting 
presses, steam meal driers, and filter presses. About four feet below the floor 
was a false floor of tile on unprotected steel. This false floor contained soy- 
bean oil tanks and oil troughs. In the yard outside this building were six above- 
ground steel tanks having a total capacity of 47,500 gallons of soybean oil. 

Although originally constructed as a grain elevator, this plant had been 
used mainly for soybeans. The soybean oil and the meal left over after the 
expressing process were sold in carload lots. 


Story of the Fire. 

The initial dust explosion occurred at 3:13 a.m. It was at first believed 
that the explosion occurred in the elevator, which practically demolished the 
cupola and blew out the upper portions of the brick walls, part of which fell 
upon the mill building. 

A report by State Fire Marshal John H. Craig places blame for the explo- 
sion on a fan in the mill building. This fan blew the cake from a screw con- 
veyor beneath the floor of the expeller through a duct to the elevator storage 
bin. However, grain elevator men consider the exact cause of the spark or 
ignition responsible for the dust explosion to be unknown. It is known that 
the elevator portion of the plant closed down about 4:00 o’clock the previous 
afternoon. The initial explosion threw bricks over a two-block area and rocked 


Note: This report was prepared from information furnished by Chief Engineer John 
Plant, Chicago Fire Prevention Bureau (Member N.F.P.A. Committee on Fire Record) ; 
G. F. Butt, Secretary, John S. Metcalf Co. Grain Elevators; Dean M. Clark, Society of 
Grain Elevator Superintendents of North America (both Members of the N.F.P.A. Com- 
=P on Dust Explosion Hazards), and State Fire Marshal John H. Craig (Member 

.F.P.A.). 
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Chicago Sun. 


Firemen shown fighting fire which followed explosion in the Norris Grain 
Company’s soybean plant in Chicago on July 30, 1943. This is stated to have been 
the first major dust explosion recorded in a soybean plant. Three workmen were 
killed. Note how the brick walls were blown away from the top of the plant. 
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4 
Chicago Sun. 

This gives a good view of the devastation caused by a dust explosion in the 
soybean plant of the Norris Grain Company in Chicago. Almost two hours after 
the explosion a major fire broke out in the soybean storage tanks adjoining the 
elevator. Loss from this explosion and fire has been estimated at between $400,000 
and $600,000. 


the neighborhood. Near-by houses were evacuated. At 5 A.M. flames broke out 
with great intensity in the grain storage bins. This was the first evidence of 
fire following the explosion. At this time the fire department sounded addi- 
tional alarms, bringing 32 pieces of fire apparatus to the scene. The fire was 
controlled by the use of ten 2-inch nozzles mounted on two water towers, three 
high pressure trucks, and three squad wagons. 

Damage to plant buildings and equipment has been estimated at $275,000. 
The loss to contents, amounting to $300,000 or more, included damage to 
150,000 bushels of soybeans, 2000 bushels of corn, and 400 tons of processed 
soybean oil and meal. 


August 2-7, 1943, Buffalo, New York. Soybean Oil Plant. 


During the above period about a dozen smouldering fires occurred in 
cookers or driers and in the steel exhaust duct system of the expeller plant in 
the first floor of Mill A, Spencer-Kellogg and Sons, Inc. It is reported that 
soybeans had been put through this particular heating and expelling process 
for several months, but that prior to these fires linseed oil processing had been 
substituted. The setting of dampers for the ducts which exhaust the moisture 
from the heaters or driers should be different for the two products. Also steam 
pressures are not the same. It is probable that the old settings employed in 
previous years when flax was used exclusively were not resumed, with the 
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result that fires occurred. Extinguishment was accomplished by hoeing out the 
dust and smouldering flaxseed, and by the use of extinguishers and service hose. 


August 6, 1943, Buffalo, New York. Soybean Oil Plant. 


Fire occurred in one of three steam-heated driers for crushed soybeans in 
the second floor of Mill A, Spencer-Kellogg and Sons, Inc. This building is of 
frame construction covered by protected metal. Fire extended into the moisture 
exhaust duct and cyclones in the cupola. The fire was believed due to charring 
and spontaneous heating of crushed soybean dust on steam pipes in the driers, 
where a temperature of 350° F. is maintained. The fire was extinguished by 
the fire department using hose streams and scraping tools after efforts by 
employees to extinguish it with service hose and extinguishers proved ineffec- 
tive. Six sprinklers at the ceiling operated and appeared to aid in cooling 
the ducts. 

Several other small fires have occurred in the heater and drier systems. 
It appears that because of the scarcity of labor the heaters were not cleaned as 
frequently as formerly, and oily cake and dust had accumulated. The thermo- 
stats in the exhaust sections of the driers did not operate, but it is possible that 
sparks were drawn past the thermostats, which were set to operate at 500° F. 
Because of ample clean-out doors the fire department was readily able to cope 
with this fire. 
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Fires and Fire Losses Classified, 1942. 


Continuing the practice begun six years ago of showing the distribution 
of the annual fire loss in the United States by cause and occupancy classes, the 
N.F.P.A. Department of Fire Record presents the following tables covering 
the year 1942. Experience of the past years shows that these estimates are 
widely used in fire prevention and fire protection work. ; 

The data upon which these tables are based were obtained from twelve 
state fire marshals’ reports for the year 1942, or the closest fiscal year thereto. 
Reports of these particular states were chosen because they contained the most 
complete classifications. While methods of reporting and tabulating fire loss 
figures are different in each state, it is believed that the volume of statistics 
from the twelve typical states included herein is sufficiently large to indicate 
the relative distribution of fires and fire losses for the various occupancies 
and causes. 

Tables I to IV are tabulations made from fire marshals’ reports. Table I 
shows the number of fires, and Table II shows the fire loss by occupancies 
reported for the year 1942 in the twelve states. Tables III and IV show the 
number of fires and losses distributed according to causes. The general classes 
making up both the occupancy and cause classifications were carefully chosen 
with regard to good practice and to classes most commonly used in the reports. 
Tables V to VII are recapitulations and estimates for the entire United States 
based upon the first four tables and adding a certain percentage to cover unre- 
ported fires and losses as explained below. 

Table V is a recapitulation of the state totals presented in the foregoing 
tables, with columns added to show the number of fires per thousand popula- 
tion and the fire loss per capita. It will be observed that a total of 88,217 
fires were reported in 1942 for the group of twelve states having a total popula- 
tion of 35,335,937 in the 1940 census. A study of the best data available 
indicates that this number of fires is approximately half the actual number of 
fires for the year, and therefore 100 per cent has been added to get the esti- 
mate for the twelve states. When the resulting figure is applied to the whole 
country at the population ratio, the estimated number of fires in the United 
States in 1942 is 665,000. This makes 5.05 fires per thousand population as 
compared with 5.58 in 1941 (October, 1942, QUARTERLY, page 171). 

The estimated fire loss of $315,000,000 in the United States in 1942 was 
obtained by applying the population ratio to the total loss in the twelve states 
and adding 30 per cent to cover unreported losses. This figure is $10,000,000 
less than 1941 and $25,000,000 more than the corresponding figure for 1940. 
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FIRES AND FIRE LOSSES CLASSIFIED, 1942. 


Table VI shows the total estimated number of fires and fire losses dis- 
tributed by occupancies and based on the data in the previous tables. Table 
VII shows similar figures by causes. These occupancy and cause classifications 
are not listed in any order of importance, but are grouped so that similar 
classes come together. Each class is broad in scope in order to reduce the 
number of classes to a minimum and permit the compilation of a sufficient 
amount of data on each to be of value. Several of the fire marshals’ reports 
use much longer lists of occupancies and causes by subdividing the general 
classes shown in the accompanying tables. For example, some states divide 
the occupancy class “Dwellings” into “City Dwellings” and “Farm Dwellings,” 
and the cause class “Lightning” into “Rodded” and ‘“‘Unrodded.” 

To arrive at the estimates shown in Tables VI and VII the procedure out- 
lined above was applied to the figures for each class in previous tables, except 
for those classes where data were lacking from several states. In such instances 
proportional increases in the total estimates were made. For example, some 
states did not give fires in “Barber, beauty shops,” and the estimate of the 
total number of barber and beauty shop fires was therefore adjusted in accord- 
ance with the number of states reporting. A corresponding reduction was then 
made in other classes. In this particular example the “Miscellaneous” and 
“Mercantile” classes were reduced, as it is likely that the states not reporting 
barber and beauty shops used these classes for recording such fires. 


Table V. Fires per 1000 Population and Fire Loss per Person for Twelve 
States, 1942, as Reported by Fire Marshals. 


Population Number Fires per Fire Fire Loss 
State 1940 Census Fires 1000 Pop. Loss Per Person 


Illinois 7,897,241 15,168 1.93 $11,496,914(3) $1.46(3) 
3,427,796 4,634(4) 1.35 5,562,618(4) 1.62 
2,538,268 3,866 1.52 3,602,151 1.42 
1,801,028 2,412 1.34 1,704,185 0.95 
4,316,721 8,466 1.96 12,725,957 2.94 
1,315,834 2,552 1.94 1,908,262(2) 1.45 
6,907,612 23,361 3.39 11,843,958 1.71 
Oregon 1,089,684 7,468(1) 6.86(1) 4,887,893 4.48 
South Dakota 642,961 876(4) 1.36 695,259(4) 1.08 
Vermont 359,231 812 2.27 1,132,249 3.15 
West Virginia 1,901,974 476 2.51 1,640,667 0.87 
Wisconsin 3,137,587 18,156 5.80 7,012,408 2.23 


35,335,937 88,217 2.52 $64,212,521(3) $2.07(3) 
Estimated U. S. Total 131,669,275 665,000 5.05 $315,000,000* $2.39 


(1) Includes total insurance claims. 
(2) As reported by fire chiefs. 

(3) Chicago losses not included. 

(4) Fiscal year ending June 30, 1942. 
*30% added for unreported losses. 
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Table VI. Estimated Distribution of U.S. Fire Losses by Occupancies, 1942. 


These estimated figures are intended to show the relative order of magnitude of fire 
losses by occupancies, and while they are reasonable approximations based on the experience 
in typical states they should not be taken as exact records for each class. 


Occupancy No. of Fires Loss 


I. Pustic BuILDINGS 
Government buildings 900 $1,000,000 
Hospitals, institutions 1,000 1,500,000 
Schools and colleges 2,400 7,300,000 
Churches 2,800 5,100,000 
Theatres, including motion pictures 1,400 2,500,000 
Amusements, halls 2,600 3,000,000 


II. DweEttinc OccuPANCIES is 
Hotels, boarding houses 7,800 3,800,000 
Apartments, rooming houses 47,000 5,800,000 

80,000,000 


III. MERCANTILE 
Office buildings, including banks 5,800 7,400,000 
Restaurants, taverns 10,000 6,900,000 
Barber, beauty shops 900 200,000 
Miscellaneous mercantiles 42,000 38,000,000 
6,700 24,000,000 


IV. MANUFACTURING 
Metal workers 2,000 2,000,000 
Woodworkers : 1,500 7,300,000 
Flour mills, elevators 2,100 9,500,000 
Packing plants 800 1,500,000 
Bakeries 1,200 1,000,000 
Laundries 1,400 1,500,000 
Cleaners, tailors 1,400 900,000 
Miscellaneous manufacturing 19,000 40,000,000 


V. MISCELLANEOUS 

20,000 21,000,000 

Outbuildings 20,000 3,300,000 
Lumber and coal yards 1,400 4,000,000 
Railroad, wharf property 4,600 5,900,000 
Bulk oil storage, refineries 1,500 2,600,000 
Garages, filling stations 28,500 9,500,000 
Power plants, pump houses 1,700 1,200,000 
Creameries and dairies 2,000 600,000 
Miscellaneous structures 17,400 9,700,000 
/Motor vehicles, including aircraft / 64,000 3,700,000 
/Fires other than structures \ 21,000 \ 2,200,000 
Hangars and contents 200 1,100,000 


Totals $315,000,000 


Nore: As explained in the text, 100 per cent has been added in estimating the number 
of fires, and 30 per cent has been added to the losses to cover unreported losses. 
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Table Vil. Estimated Distribution of U. S. Fire Losses by Causes — 1942. 


These estimated figures are intended to show the relative order of magnitude of fire 
losses by causes, and while they are reasonable approximations based on the experience in 
typical states they should not be taken as exact records for each class. 

Cause No. of Fires Loss 
Chimneys, flues—defective or overheated 50,000 $12,500,000 
Sparks on roofs 9,000,000 
Defective or overheated heating equipment 15,000,000 
Rubbish 2,400,000 

3,500,000 
7,000,000 
3,500,000 
7,500,000 
Smoking and matches 20,000,000 
Children and matches 4,000,000 
Electrical 25,000,000 
Electrical appliances, motors 3,000,000 
Flammable liquids, misc., including home dry cleaning and 
starting fires with 8,500,000 
Torches, welding, cutting, plumbers’, etc 2,000,000 
Films, nitrocellulose 150,000 
Ra es INE GROVES 55 oo ino. a's 6-0 0.66 boo 0 PE Ee 0 ie obs 10,000,000 
Gas and appliances 2,500,000 
Grease, tar, etc 12,500 2,500,000 
Spontaneous ignition 17,000 13,500,000 
Fireworks 500 50,000 
Lightning 33,000 10,500,000 
Thawing pipes 2,500 900,000 
Sparks from machinery, friction 2,000 1,500,000 
Incendiary, suspicious 4,000 6,500,000 
Miscellaneous 23,000 11,000,000 
Unknown 54,000 107,000,000 
Explosions 8,000 11,000,000 
17,500 15,000,000 


Totals $315,000,000 


Nore: As explained in the text, 100 per cent has been added in estimating the number 
of fires, and 30 per cent has been added to the losses to cover unreported losses. 
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QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 


Wirn THE THREAT of sabotage 
added to all the hazards of normal 
times, all-out protection against fire 
and unlawful intrusion is a “must” in 
every industrial establishment. 
All-out protection demands supple- 
menting protective manpower with 
systems that function automatically, 
such as electrically supervised auto- 
matic sprinklers, automatic fire alarms, 
burglar alarms and other automatic in- 
trusion detection systems. Watchmen 
and guards require the additional 
support of an outside central station 


which maintains a continuous check 
on their activities and provides 
prompt aid in emergencies. 

Thousands of war plants now re- 
ceive this all-out protection through 
A.D.T. Central Station Automatic 
Electric Protection Services. Available 
in more than 650 cities and towns in 
the United States, this type of service 
assures the complete dependability 
and efficiency of operation which is 
essential to any “all-out” protection 
program. 

Write for descriptive booklets. 


A.D.T. CENTRAL STATION ELECTRIC PROTECTION SERVICES 


Controlled Companies of AMERICAN DISTRICT TELEGRAPH CO. 155 Sixth Ave., New York 
CENTRAL STATION OFFICES’ IN ALL PRINCIPAL CITIES OF THE U.S. 


4 AGAINST FIRE-BURGLARY- HOLDUP 


A NATION- 


i a © a a as i a 
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QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 


GUNS! 
BULLETS! 
SPRINKLERS! 


Vital Wartime Essentials! Star Automatic Sprinklers 
defeat the saboteur whose chief weapon is fire — Combat our 
enemies by guaranteeing uninterrupted war production — 
Preserve critical materials for our armed forces — Protect 
the assets of our Nation! 


Automatic Sprinklers ; Automatic Releases 
Corrosion-proof Sates | Alarm Valve (Wet) 
Sprinklers Ah Systems 
Directional Flow - _ Dry Pipe Valve Systems 
Sprinklers ' .¥ Deluge Systems 
Open Sprinklers ae Heat-Actuating 
Ornamental Sprinklers aad nest Devices 
Alarm Devices ° Pre-Action Systems 


Star Automatic Sprinklers and Fire Protection Devices bear approval of all 
Insurance Authorities having jurisdiction and various Governmental Agencies. 


Economy in installation cost and maintenance has dictated the 
consistent policy of Star Sprinkler Corporation in distributing its 
Fire Protection Devices through local licensed contractors who 
have had a lifetime of experience in the installation of auto- 
matic sprinkler systems. Operating throughout the United 
States, Canada and South America, Star licensees, due to their 
strategic locations, can render instant service. Write us for name 
and address of Star licensed contractor nearest your location. 


STAR SPRINKLER CORP. 


Westmoreland and Collins Sts. - ee Pa. 





QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION, 


There are no Ifs or Buts fa 
—when your Guard or SS 
Watchman carriesa & 
DETEX Watchclock. 

The Dial records his activities .. . 
gives proof of his attention (or in- 
attention) to duty. Investigate 
DETEX today. 


U v 


DETEX WATCHCLOCK CORPORATION 


84 Varick Street, New York 31 Beach Street, Boston 
4163 Ravenswood Avenue, Chicago 122 Marietta Street, Atlanta 


Di i EX CLOCKS 
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WARTIME + PEAGETIME ¢ ALL THE TIME 


HOFFMAN 2°40)5? 1s vu 


The Hoffman 140-F Drycleaning Unit is approved by the 
National Board of Fire Underwriters as a Class II Unit — for 
use in conjunction with listed petroleum solvents having a 
flash point of 138.2°F. or over. The war shortage of chlorine 
has had no effect upon the legitimate operations of 
drycleaners using this equipment and solvent. Hoffman 140-F 
still provides approved, safe drycleaning operations. 


MACH IN 
CORP ORAT I 
+ a 105 Fourth Ave.,New York 3 


DRY CLEANING. LAUNDRY & GARMENT PRESSING EQUIPMENT 
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For years, carbon dioxide gas, the fastest non- 
damaging fire extinguishing agent, was re- 
leased from portable cylinders by turning a 
hand-wheel valve. C-O-TWO now offers the 
sensational SQUEEZE-GRIP valve that releases 
carbon dioxide cas fast as you can close your 
hand on the release lever. It has these remark- 
able advantages over the old hand-wheel 
valve: 


A No need to set the extinguisher down to B — Squeeze the lever over the carrying han- 
open or close the SQUEEZ-GRIP valve. Hold dle, SQUEEZ-GRIP valve opens. Release, 
it, aim it, squeeze it. and the valve closes. 


C ~ Positive control of the flow of gas while 


carrying the extinguisher with one hand; 
other hand free to aim the discharge horn. 


C-0-TWO FIRE a tae COMPANY 


NEWA 
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FIRE CONTROL 
MIGHTY FOR WAR SUPREMACY 


FirE CoNTROL INSTRUMENTs in battle are used by our 
superb gunners on battleships—on coast defenses and of 
the artillery to hit targets they cannot see and for equal 
accuracy, speed and efficiency— 


FirE Controt — AUTOMATIC SPRINKLERS in the work 
world without human aid hit and kill the target fire and 
keep industrial production flowing. 


War accentuates the destructive side of FIRE and both of 
these FirE ConTROLs in their respective fields are recog- 
nized as indispensable. 


On high authority the statement is made that the War 
Program is menaced by preventable fire losses and that 
these are as grave as if wrought by enemy bombs or 
saboteurs. Wherever an essential industry is interrupted, 
it prolongs the period of “BLoop, SWEAT AND TEarRs.” 


The natural enemy of Fire is an advance design line of 
approved GLOBE SprinkLter Apparatus for AUuTo- 
MATIC FIRE ContTroL — the result of nearly 50 years’ 
research and development. 


GLOBE devices embody the maximum of engineering 
ingenuity with a minimum of critical materials. They are 
approved by all government and insurance authorities. 
They are essential during the war and the post-war era. 


GLOBE 


- Automatic Sprinkler Co. .” 


Philadelphia, Pa. 


SALES OFFICES IN PRINCIPAL CITIES 
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Official U.S. Navy Photograph 
“4 Navy war bird awaits the starter’s signal to take off for the combat sone.” 


OMBERS and Carriers are powerful media of de- 
struction but still they must be protected. The 
Carrier must be kept safe for the homecoming of this 
Navy war bird —safe from enemy shells and incendiary 


bombs. 


Guns to fend attacks from the sea and air and, equally 
important, adequate fire protection to quickly extin- 
guish that dread foe, “a fire on ship at sea.” 


National Foams have met the extreme tests in combat- 
ing fires at sea, saving lives and tonnage to carry on. 


Foam Fire Protection as developed by National Foam 
System has been adopted and is being used extensively 
by the U. S. Navy, by most oil refineries and many other 
important industries. 


Naat 
ih We an | In Fire Department Service 


National Foam System has equipment especially de- 
signed for the use of Fire Departments to meet all types 
of fire fighting requirements. Complete engineering 


nN SII ih service available. 


The experience of our engineering department is at 
your service. 





NATIONAL FOAM SYSTEM. ING. 


1632 Sansom St... Philadelphia. Pa. 
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ame FIRE CODES 
for 


FLAMMABLE LIQUIDS, GASES, 
CHEMICALS AND EXPLOSIVES 


This 500-page volume brings together for con- 
venient reference the many standards dealing 
with flammable liquids, gases, chemicals and ex- 


Price plosives. The number and diversity of these stand- 
ards has become so great that it is increasingly 

$3.00 difficult for the average user, who is interested in 
POSTPAID a wide variety of subjects, to keep track of all the 


standards in separate small pamphlet form. 


Indispensable for fire chiefs and other fire department 
officers; fire marshals; fire inspectors; firemen; consulting engineers; 
building commissioners and inspectors; various other state and 
local administrative authorities; industrial fire protection and safety 
engineers; industrial executives; technologists in petroleum, gas, 
and chemical industries; insurance companies, engineers and in- 
spectors; state, local, and special insurance agents and brokers; 
universities; libraries, etc. 


Place Your Order Now! 


NATIONAL FIRE PROTECTION ASSOCIATION 


INTERNATIONA 


60 Batterymarch St., Boston 10, Mass. 
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New Fire-Killing 


DuGas, well known for its fast ac- 
tion in extinguishing difficult fires, 
now makes an important new con- 
tribution to fire protection. Research 
has resulted in the development of a 
new PLUS-FIFTY duGas Dry Chem- 


PULSE LePage 


moti SP Te 


Proven by Hundreds of 
Practical Fire Tests 


It retains the long-range effectiveness of 
the stream which permits the operator to 
knock down fire from a greater distance. 
It hangs in a cloud over the fire, provid- 
ing greater smothering action and re- 
ducing flashbacks. Liketheformer duGas, 
PLUS-FIFTY duGas will not cake, hard- 
en, evaporate, deteriorate or freeze. It 
generates no toxic fumes and is not an 
electrical conductor. Since no critical 
materials are used in its production, 
PLUS-FIFTY duGas is available without 
priority for refill purposes. . .and there is 
no advance in price. 


Power for Dugas 


ical with increased fire-fighting effec- 
tiveness when applied from duGas 
pressure-type dry chemical extin- 
guishers. This new, faster action is 
obtained without sacrificing any of 
the advantages of the former duGas. 


APPROVED by the Underwriters’ Lab- 
oratories and the Factory Mutual Labora- 
tories. 

AVAILABLE in Models 15 and 30 Hand 
Extinguishers, Models 150 and 350 
Wheeled Extinguishers. 


.. WRITE FOR COMPLETE BULLETIN ON NEW PLUS-FIFTY 
DUGAS and Priority Information on Extinguishing Equipment 


Model 150 
Wheeled Extinguisher 


WRITE FOR 
Chart show- /¥ 
ing character- 
istics of all 
types of ap- 

roved hand 
ire extin- 
guishers. 
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ire-Fighters Appreciate 


y a VALVES 


HYDRANTS © 


AND PIPE LINE ACCESSORIES 


M & H products are well known for 

high quality material and expert work- 

manship. They have been widely used 

throughout the country for many 
years. They include several types 
of Gate Valves, Check Valves, 
Flap Valves, Valve Boxes, B&S 
Fittings, Flanged Fittings, Fire 
Hydrants and many other cast 
iron pipe line accessories. 


AWWA & UNDERWRITERS 
APPROVED FIRE HYDRANTS 


M & H Fire Hydrants are dry top and re- 
volving head. They are easy to lubricate. 
Maintenance costs are low due to simplic- 
ity of design and rugged construction. 
They have low friction loss and great 
efficiency because barrel diameter is not 
reduced and there are no working parts or 
obstruction in waterway. Special Traffic model is de- 
signed to yield at the ground line under impact. Repair is 
simple and easy by renewing breakable bolts and break- 
able coupling on stem. 


M&H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 





QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 


Introducing 
Central “Electro-Speed” Deluge 
Sprinkler System Model “AD” 


SPOT” wERT DETECTOR 


Biss aw Completely Electrically 
= Operated 


Rate of Rise and Fixed 
Temperature Controlled 


Fully Supervised 


‘A PRODUCT OF THE ELECTRONIC AGE” 


Over three years ago we pioneered the first Underwriters approved 
electrically operated deluge type automatic sprinkler system. We now 
present, in the CENTRAL Model "AD" Electro-Speed Sprinkler System, 
a completely new and all electrically operated system, amazing in its 
simplicity of design and in its instantaneous super-speed electric 
operation. 


Every functional part is a standard product with years of dependable 
use to insure for you satisfactory and continued service. 


Already about one hundred CENTRAL Model “AD” Deluge Sprinkler 
Systems are now in service protecting vital United States Army and 
Navy, and privately owned properties, and proving their superior 
design and operation over older types of deluge systems in adjacent 
buildings in some of these properties. 


Send for illustrated and descriptive bulletin N.P.-V-4. 


CENTRAL AUTOMATIC SPRINKLER C0. 


241 EAST ASHMEAD STREET : ; PHILADELPHIA, PA. 








ieee te 


Refuelling planes is a service that must be per- “ TE ce ’ 


formed safely and with dispatch. Because of mili- [i  - 





tary urgency, tremendous investment in equipment, 
and the hazard to highly trained personnel—there 
must be no mistakes. 


The S. & J. Automatic Tank Gauge, applicable to 
mechanical pumping or water displacement types 
of storage expedites the safe fuelling of military 
and civilian craft. It is float operated and gives an 
accurate, direct dial reading. 


The S. & J. Figure ST- 3600 Dial Gauge can be 
supplied with an electric level alarm or pump con- 
troller as shown below, which may be used to sound 
an alarm or light a signal, or may be employed as 
an electric control on the pump or engine. 


Complete details will be furnished to those entitled 
to the information. 


SHAND & JURS CO, 
BERKELEY, CALIFORNIA 


New York Chicago Houston Los Angeles 


Figure ST-3600 
Automatic Tank Gauge 
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RULE-OF-THUMB! 


“Automatic” Sprinkler 
Systems are designed 
after Research 
and Tests 


MERICAN genius is creating 
A remarkable new materials for 
war—and with them are developing 
new and unheard-of fire hazards. © Flammable Liquid Fire Test. 
Our job is to help control these 
hazards—from flammable liquids, ae rubber en gun eee 
nitrocellulose film, etc. , . 
In meeting this need, our research and pre-testing facilities have been 
expanded and are in daily use. Simulating existing conditions, experimental 
test setups are constructed with piping and sprinklers, for extinguishing 
fires in actual materials, and for checking hydraulic calculations. One day 
a test is being conducted on a FIRE-FOG System for flammable liquid, 
another on a High Speed Deluge System for smokeless powder, and again 
on a Suprotex-Deluge System for some airplane hangar. 
All tests and experimental work are in collaboration with engineers of fire 
insurance companies, industrial firms and Army and Navy. All theory and 
practice are thoroughly checked and tested before an “Automatic” Sprinkler 
System is built. 


“ AUTOMATIC” SPRINKLER Corp. OF AMERICA 


YOUNGSTOWN, OHIO ° OFFICES IN PRINCIPAL CITIES 





QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 


Guarding Against Further Shortage 


The shortage of paper is beginning to be felt throughout 
all industry. A disastrous fire in one of our paper mills 
would cut an inadequate production seriously. At many 
paper mills, elevated water tanks like this 100,000-gal. installa- 
tion are guarding against catastrophe by providing gravity 
water pressure for automatic sprinkler systems. 


CHICAGO BRIDGE & IRON COMPANY 


CLEVELAND CHICAGO BIRMINGHAM NEW YORK 
WASHINGTON HAVANA GREENVILLE, PA. PHILADELPHIA 
HOUSTON HILLSIDE, N. J. TULSA SAN FRANCISCO 
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HOME OWNERS APPRECIATE THIS INFORMATION 


DEFENSE 


FOR Yout HOME 


What types of fire fighting equipment are effective 
for ordinary grass fires? What types for flammable 
liquid and grease fires? What types for electrical 
fires? The answers to these and other questions 
regarding the protection of property from fire in 
wartime are given in this folder, ““Fire Defense For 
Your Home In Wartime.” Send for a copy. 


AUTOMOBILE INSURANCE COMPANY 
STANDARD FIRE INSURANCE COMPANY 


HARTFORD, CONNECTICUT 
Fire and Marine Insurance 
Affiliated with Aitna Life Insurance Co., Aitna Casualty and Surety Co. 
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INDUSTRIAL “i 
SPRINKLING ae 
SYSTEMS on guard ! 


Viking Sprinkler Systems guarding vital War Bases and 
Plants say “Not Here” to Fire! Today, Viking’s entire out- 
put is going where the tools of war are made, stored, 
handled, repaired and used. 
Thus in war, as in peace, Viking Sprinkler Systems are proving their 
dependability. When Viking stands guard, Fire heeds the command “Not 
Here”! . . . and the tools of war stay fit for their intended job. 


VIKING CORPORATION DEALERS 
Crawford & Slaten Co. Viking Automatic Sprinkler Co. 
Atlanta, Georgia Chicago, III. 
C, W. Hutchinson, Inc. Viking Sprinkler Co. 
Huntington, W. Va. Cincinnati, Ohio 
Indiana Automatic Sprinkler Co. Viking Sprinkler Co. 
Indianapolis, Indiana Detroit, Michigan 
Texas Automatic Sprinkler Co. Viking Automatic Sprinkler Co. 
Dallas, Texas Los Angeles, California 
Walton Viking Company Viking Sprinkler Co. 
Kansas City, Mo. New York, New York 
Viking Automatic Sprinkler Co, Viking Sprinkler Co. 
Boston, Mass. Philadelphia, Pennsylvania 
Viking Automatic Sprinklers, Inc. Viking Automatic Sprinkler Co. 
Buffalo, New York Seattle, Washington 
Viking Automatic Sprinklers, Ltd., Toronto, Ontario, Canada 


THE VIKING CORPORATION 


HASTINGS, MICHIGAN 
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D..p that extinguisher! 


... Unless you want to burn down the plant 


The man who hits flaming oil with a 
soda-acid fire extinguisher is heading for 
trouble. He is using a good fire-fighter in 
the wrong spot. The wrong extinguisher may 
be more dangerous than no extinguisher 
at all! 

The facts about fire extinguishers are 
easily understood, if correctly taught. Best 
way to teach them is by demonstrating. Show 
your own extinguishers in action against 
real fires. 

“How To Teach Fire Fighting” has been 
prepared by Walter Kidde & Company to 
show you how your plant can handle fire- 
instruction. This illustrated book explains 


all classes of fires—tells you how to fight 
each successfully. You'll want a copy, free. 
Write Walter Kidde & Company, Inc., 1035 


Main Street, Belleville, N. J. 





QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION. 


i : 5 a 


ee. 


Oil-drenched onl iitdaeusted, 


PYRANOL TRANSFORMERS 
COME THROUGH UNHARMED 


Three Pyranol* transformers were in operation on a large tanker when it 
was torpedoed off the Atlantic coast. For days they lay submerged in oil 
and salt water, until what was left of the tanker was salvaged. When the 
ship finally reached dry dock, the transformers were tested and found to 
be in as good working condition as the day they were installed. 


T’S HARD to find an application where Pyranol transformers 

won’t fill the bill. The high dielectric strength which they have 
in common with other liquid-filled transformers makes it easy for 
them to withstand the effects of lightning and of voltage surges 
from switching operations. 


Install Pyranol Transformers Right Where You Need Them 
You can install Pyranol transformers underground, on an overhead 
platform, on the roof, on the factory floor, indoors or outdoors. The 
pressure-tight tank protects vital parts from the effects of dust, 
dirt, and atmospheric moisture—as well as from oil and salt water. 


Maintenance Cost Is Low 
Pyranol, the synthetic, noninflammable insulating and cooling 
liquid, is nonsludging—maintenance is negligible. Tests show that 
the Pyranol in the first transformers of this type, installed more 
than ten years ago, is still in its original condition. 


For further information call your G-E representative today. He’ll 


be glad to help you. General Electric, Schenectady, N. Y. 
*Reg. U.S. Pat. Off. 


GENERAL@ ELECTRIC _ 


402-586-6100 
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“Canvas Engineering” 
Protected this Million Dollar 
Construction Project 


Fire —in flammable canvas windbreaks, tarpaulins and covers 
over building materials once caused $500,000 Destruction on this 
Construction job. 


But once was enough. It couldn't happen here, again. Every yard 
of replacement canvas on the rebuilding job was FIRE CHIEF- 
Finished Hooperwood Duck. 


The application of correctly-engineered canvas to the specific re- 
quirements of the job is such a simple matter of plain, ordinary 
horse sense now that science has provided types of Cotton Duck 
resistant to almost every penetrating, dangerous or deteriorating 
influence with which they may come into contact — fire, water, 
weather, mildew, gasoline, oil, etc. 


And after the war, when our entire production is no longer mobi- 
lized for Victory — HOOPERWOOD “Canvas Engineering” will 
have many more benefits in store for you. Awnings that won't 
ignite from carelessly-tossed cigarettes or rot from mildew — spe- 
cial canvas truck covers that will outlast their predecessors sev- 
eral times over — canvas marine supplies that will help strike out 
the fear of fire on shipboard — aircraft canvas fabrics that repel 
gasoline and oil. 


These and many other applications of “HOOPERWOOD-engi- 
neered” fabrics for business and Industry will be waiting for you 
when business returns to normal. 


WM. E. HOOPER & SONS CO. 


NewYork PHILADELPHIA Chicago 
Milla; WOODBERRY, BALTIMORE, MD 


Since 1800 (through six wars) the HOOPER name has symbolized high- 
est quality in Cotton Duck and other Heavy Cotton Fabrics, Paper Mill 
Dryer Felts, Filter Cloth, Rope and Sash Cord. 


2 


HOOPERWOOD COTTON DUCK 
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It's HEAT ABSORPTION, 
WETNESS, that gives water 
control over fire... SURFACE 
AREA, not VOLUME, that 
puts out fires fast! 


WATER 


not 


turned into 


WaterFOG 


DOOMS” OIL FIRES, FAST 


You’ll find in your physics book that 
speed of heat exchange increases with 
surface area exposed to heat. (That’s the 
principle of the radiator and the refrig- 
erating coil, too.) 

By transforming water into tiny arti- 
cles— much finer than spray ock- 
wood WaterFOG nozzles multiply many 
times the total surface area of a given 
volume of water ... thus making water 
(cheap, plentiful) ‘your most efficient 
fire- figh r on flammable liquid fires! 

In addition to cooling fires faster, 
WaterFOG particles, being light, stay 
longer in the combustion area, ———— 
of plunging into the liquid, a eine 
inciting further vaporization. iat 
— onto the surface, abecrbing heat 

rom the vapors and from the liquid — 
and then, turning into steam, they 
expand, smothering the fire! 

“Flash-back” is prevented. Costly 
chemicals are saved. Water damage is 
lessened. Safe to use on electrical fires. 
Write for Bulletin 123. 


WaterFOG is created by impinging streams 
from specially-designed Rockwood nozzles 
—engineered in correct particle size, fog 
pattern, and velocity for — conditions. 
Fixed piping installations, hose nozzles and 
applicators, Rockwood installations ap- 
proved by Underwriters’ Laboratories and 


3 WAYS TO PUT OUT 
FLAMMABLE LIQUID FIRES 
1. Quench the burning vapors 


2. Lower liquid temperature to 
retard vaporization 


3. Diminish supply of oxygen 


WaterFOG does all three .. . with 
water... faster! 


Associated Factory Mutuals; used oy Navy, 
Coast Guard, hundreds of industria plants. 
Executives! colored movie (16 mm.) showing 
tests of Rockwood WaterFOG is available. 


ROCKWOOD SPRINKLER COMPANY 
56 Harlow Street, Worcester, Mass. 
Specialists in Fire Protection Engineering, 
Equipment and Installation since 1907 


ROCKWOOD 
— Water FOG 


WATER, ENGINEERED BY 
ROCKWOUD, COOLS, CONFINES, 
SMOTHERS OIL FIRES 








WHERE IS THE NEAREST 
FIRE ALARM BOX? 


uRS@- 
E occu 
EN FIR ; 
= he Box jmMEDIATEL 
ect vergely respom 
ire 


s are 
$ Deisyed — xcessive F Le Gon 


sible for the 
S Your Best 


FIRE DEPARTMENT 


Protection 


INSTRUCTION The Box | 
CARDS — 


PROMINENTLY 
DISPLAYED 


in every building will inspire “fire consciousness” and proper 
action when fire occurs. Fire signaling facilities were never more 
urgently needed, but scarcity of materials necessitates greater 
dependence upon existing boxes. Their prompt use for fire will 


conserve national resources. 


THE GAMEWELL COMPANY 


NEWTON UPPER FALLS. MASSACHUSETTS 





When Fire Strikes... 


Before the war, when fire struck an unprotected indus- 
trial plant, it often destroyed or seriously crippled an 
individual enterprise. Regardless of insurance coverage, 
valuable records were destroyed, customers were lost, 
and trained employees sought work elsewhere. 


Today, when fire strikes a plant or its vital war materials, 
it is not just an individual calamity. It is a serious loss to 
a whole nation at war! Sorely needed supplies and irre- 
placeable equipment are destroyed . . . man hours are 
lost . . . the nation’s war production program suffers. 


There is one sure way to keep a plant producing and help- 
ing to win the war. That is to install a Grinnell Automatic 
Sprinkler System. There is a type of system for every fire 
hazard. Each is designed to provide the utmost in auto- 
matic fire protection for specific conditions. Complete 
information is available for the asking from any of our 
offices throughout the country. Grinnell Company, Inc., 
Executive Offices, Providence, R. I. 


ERLAKELL 


AUTOMATIC SPRINKLER FIRE PROTECTION 








